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Wave elevation r = r, cos (kx+wt)
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Heave acceleration
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Pitch angular velocity
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ABSTRACT

A nonlinear mathematical model has been formulated of a
craft having u constant deadrise angle, planing in regular waves,
using a modified low-aspect-ratio or strip theory. It was
assumed that the wavelengths would be large in comparison to
the craft length and that the wave slopes would be small, The
coefTicients in the equations of motion were determined by a
combination of theoretical and empirical relationships. A
simplified version for the case of a craft or model being towed
at constant speed was programed for computations on a digital
computer, and the results were compared with existing expeni-
mental data. Comparison of computed pitch and heave
motions and phase angles with corresponding experimental data
was remarkably good. Comparison of bow and center of
gravity vertical accelerations was fair to good.

ADMINISTRATIVE INFORMATION '
This investigation was authorized by the Naval Sea Systems Command with initial
funding under Task Area SR-023-010 IM\and completion under Task Area ZF-43-421001.

INTRODUCTION

Computer programs for estimating the motions of displacement ships in waves for all
headings and speeds have been in existence for some time. Comparable computational
schemes for planing craft do not exist except in limited and restricted cases. A program for
planing craft would be quite useful to the small craft designer, providing a means for
systematically exploring the effects of numerous design variations on performance of the
craft in waves. With minor modification, the program could also be used to examine the
merits of a hybrid craft design, e.g., a combination of planing craft and hydrofoii.

Predicting the motions of a planing craft in wave’s is by no means a simple problem.
The analytical description of a high-speed craft, planing in waves, involves several different
types of flow phenomena, including planing; hydrodynamic impact, and, to a lesser extent,
surface wave generation and hydrostatics. Also, the mathematics tend to become nonlinear
rapidly as the motion increases or, like the real craft, can in some instances exhibit large
instabilities such as porpoising.

Development of a computer program that would take into account all of the previously
described factors and would be applicable for a wide range of specd and wave conditions
requires a carcful and systematic study in scveral stages with appropriate verification at each

stage. To lay the foundation for such a general program, a simpler problem has been



formulated in this report with potential for expansion and generalization to the more
complicatod case. The simpler problem is that of a V-shaped prismatic body with hard chines
and constant deadrise planing at high speed in regular head waves.

The mathematical formulation is analogous to low-aspect-ratio wing theory with
provisions for including hydrodynamic impact loads, essentially a strip theory. Surface wave
generation and forces associated with unsteady circulatory flow are neglected, and the flow is
treated as quasi-steady. The mathematical formulation is an empirical synthesis of several
theoretically derived flows describing the overall craft hydrodynamics. Wave input is restricted

to monochromatic linear deepwater waves with moderate wavelengths and low wave slopes.

MATHEMATICAL FORMULATION
GENERAL

Consider a fixed coordinate system (x,z) (Figure 1) with x axis in the undisturbed free
surface, pointing in the direction of craft travel, and the z axis, pointing downward. If the
motions of the craft are restricted to pitch 0, heave Zcg» and surge xqq, the equation of

motions can be written as

MBECG =T, -Nsin0 -Dcos 0
M'z'CG =T,-Ncos@ +Dsin 6 +W
1§ =Nx,-Dx4 +Tx,, (1)

where M is mass of craft

is pitch moment of inertia of craft
is hydrodynamic normal force

is friction drag

is weight of craft

is thrust component in x direction

0 z -

-

X

T, is thrust component in z direction

X is distance from center of gravity (CG) to center of pressure for normal force
xg4 is distance from CG to center of action for friction drag force
% is moment arm of thrust about CG.

p
Fquation (1) is exact: however, defining the hydrodynamic forces and moments in waves

can be extremely difficult.

b



A high-speed craft moving in waves may transit through several regimes that have
different hydrodynamic flow characteristics. For example, as the craft moves away from the
crest of wave, the flow may be characterized by unsteady-state planing until the craft collides
with the oncoming wave crest and enters another regime in which impact forces are important,
After the impact, the craft may enter still another regime in which it is planing but in which
buoyancy forces are rather significant,

The most promising approach to a method that would incorporate all three types of flow
conditions into a general formulation would seem to be a modified strip theory. The
mathematical justification for this approach is not rigorous; however, there is sufficient
precedent to expect promising results. For example, impact loads on landing seaplanes can
be estimated reasonably well using a strip theory incorporating the Wagner two-dimensional
(2-D), expanding-wedge theory,! and Chuang? has provided a strip method for determining loads
on an impacting prismatic form that agrees extremely well with experimental results.

More recently, Martin® has developed a linear strip theory for estimating motions of a
planing craft at high speed, which shows good agreement with experimental results. A
nonlinear model of the equations of motion would be expected to provide, in addition to the
motions, reasonable estimates of the vertical accelerations which are an important consideration

in designing a planing craft.

TWO-DIMENSIONAL HYDRODYNAMIC FORCE

Implicit with any strip method is the need to define the 2-D hydrodynamic force acting
on an arbitrary cross section of the body. The 2-D flow problem is not simple; however, it
lends itself to an empirical approach, using a combination of techniques used in hydrodynamic
impact and low-aspect-ratio theories.

The typical cross section of a hard-chine, V-shaped prismatic body such as that being
considered here is shown in Figure 2. Figure 2 actually illustrates two different idealized-
flow conditions, assumed to represent the crossflow during unsteady planing, depending upon
whether the flow separates from the chine (Figure 2a) or not (Figure 2b). Nonwetted-chine
flow conditions are typical of the sections near the leading edge of the wetted length of the
craft. Wetted-chine flow conditions are more typical of sections near the stern, except
possibly in the most extreme motion and wave conditions. Some sections between leading
cdge and stern may alternate between flow conditions as the wetted length changes with the

motions.

*A complete listing of references is given on page 33,
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The normal hydrodynamic force per unit length f, acting at a section, is treated as
quasi-steady and is assumed to contain components proportional to the rate of change of

momentum and the velocity squared (drag term), i.c.
=2 (m,V)+C,, .pbV? (2)
Dt M D,c” )

where V. is the velocity in plane of the cross section normal to the bascline

m, is the added mass associated with the section form

Cp. is the crossflow drag coefficient

p is the density of the fluid
b is the half beam.
For scctions near the leading edge of the wetted length with nonwetted chine, the
added mass is assumed to be defined in the same manner as during an impact which for a

V-shaped wedge is given by
m, =k, m/2 pb? ' (3)

where k, is an added-mass cocfficient that may also include a correction for water pileup-

k, is assumed to bc 1.0 without pileup correction.

The rate of change of momentum of the fluid at a section is given by

Do ey 2 oy &
Bt (m,V)=m,V+Vm_ - T: (m, V) it €]

where £ is the body coordinate parallel to the baselinc: see Figure 1. The last term on the
right-hand side of Equation (4) takes into account the variation of the section added mass
along the hull. This contribution can be visualized by considering the 2-D flow plane as a
substantive surface moving past the body with velocity U = -d§/dt tangent to the baseline.
As the surfac moves past the body. the section geometry in the moving surface may change
with i resultant change in added ‘mass. This term exists even in steady-state conditions and
s the fift-producing factor in low-aspect-ratio theory,

The added mass of a section with fully wetted chines has not been developed to the

sme oxtent as the Vowedge,  In steady-state planing problems such as those of Shuford.*



the crossflow is treated as a Helmholtz-type flow in which the Bobyleff results are used for
estimating drag coefficients. Helmholtz flows are applicable only to steady-state conditions;
s0, it is assumed that the added mass for the fully wetted chine flow can be determined from
Equation (3) using the value of the half-beam at the chine. In using the Shuford approach,
it is assumed that the crossflow drag « .efficient for a V-section is equal to the drag of a flat

plate (Cp . = 1.0) corrected by the Bobyleff flow coefficient approximated by cos f, i.e.

CD,C=1.OcosB (5)

The Bobyleff flow coefficient is the theoretical ratio of the pressure on a V-section to that
experienced by a flat plate for a Helmholtz-type flow. '

The same approximation is used for estimating the drag coefficient for nonwetted chine
sections, using the instantaneous value of the half-beam at the free surface.

An additional force acting on the body is the buoyancy force f;. This force is assumed
herein to act in the vertical direction and to be equal to the equivalent static buoyancy force

multiplied by a correction factor, i.e.

fy = -apg(A) (6)

where A is the cross-sectional area of the section, and a is a correction factor.

The full amount of the static buoyancy is not realized because at planing speeds the water
separates from the transom and chines, reducing the pressure at these locations to atmospheric
or less than the equivalent hydrostatic pressure. A greater reduction is realized in the
buoyancy moment because of the corresponding shift in the center of pressure. Shuford?

in his work on steady-state planing recommended a factor of one-half to obtain the correct
buoyancy force. In the following computations, the buoyancy force was corrected by a
factor of one-half, i.e., a=1/2. The buoyancy moment, computed as the static buoyancy
force multiplied by its corresponding moment arm, was corrected by an additional factor of
one-half to obtain the proper mean-trim angles.

Equation (2) is a synthesis of several idealized flow conditions combined in an empirical
manner. In all of these flows, it is assumed that the net relative movement of the fluid past
the body is in an upward direction. This condition may not always be met in the case of
unsteady planing in waves. Closer scrutiny will be required to determine what limitations
will be imposed upon the problem as formulated and/or what modifications will be required

to improve the formulation.
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TOTAL HYDRODYNAMIC FORCE AND MOMENT
The total normal hydrodynamic force acting on the body is obtained by integrating the
stripwise, 2-D, hydrodynamic force given by Equations (2) and (6) over the wetted length ®
' of the body. A body coordinate system (§,}) with its origin at CG and the £ axis pointing
forward parallel to the baseline of the budy is defined in Figure 1 to facilitate this integration.
The hydrodynamic force acting in the vertical or z direction ot the fixed integral coordinate

system is given by

=Ncosé = F (1) -ffcosGdE +/de£
] 4

- -[/Q.{ma(t.t)\"(t,t) + i, (£, OV,

- U0 5% [m, (£, V(D) k

+Cp (EDbEHVAED | cos O dk ' ﬂ

| + apgAdt:l (7 3
where the integration is taken over the instantaneous wetted length. Similarly the force F, ' %
scting in the horizontal or x direction is given by
g F, -/fslnGdE :
P ° ;
P ¥
= -/{ma(s.t)\'/(t‘t) + r'nB(E.t)V(E.t) L
Do 0 !
. -Uen S'E [m,(E,t)V(E.t)l !
E | +CD'C(E.t)pb(E,t)Vz(E.t)}slnOdt (8) 1;
| _ _ _ ]
. Wave forces are obtained by neglecting diffraction and assuming that the wave excitation 1
is caused both by the geometricul propertics of the wave, altering the wetted length and j

4 draft of the craft, and by the vertical component of the wave orbital velocity at the surface !
;

' w,, altering the normal velocity V. The hotizontal component of orbital velocity is neglected,

.
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since it is assumed small in comparison with the forward speed iCG‘ The velocities U and V

may then be written as

U=k, cost - (icc ~w,) sin 0

V = kg Sin0 -8k + (1,5 -w,) cos 6 (9)
The depth of submergence h of the body at any point P(£,{) may be determined by 3
h=z..-tsinf+{cosf-r (10

where r is the instantaneous value of the wave elevation directly above the point.
For regular head waves the wave elevation for a linear deepwater wave is

r=r, cosk(x+ct) (1
E N where ry Is the wave amplitude :
g - k Is the wave numbe: k.,
¢ s the wave celerity. 3
E At point P(E, )
[
[
r! X = Xeg tEcosf +Lsind (1
’ : where X "{"ccdt
The hydrodynamic moment Fy about CG is obtained in a similar manner by integrating
i
: over the wetted length the product of the normal force per unit length and the corresponding
B ‘
o moment arm.
E.
¥
3
2 i
7
3
. Py gy - e v s B es .~
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Fg = —/f(E.t)EdE ’/'b cos 0 Ed¢
[ ¢

=/Q{m,(e.t)\'/<e.t) g (£ OV

- Uk fg (m (£ V(E D) +Cy (£,0pbE D VED

+apgA cos 0} Edt (13)

EQUATIONS OF MOTION, GENERAL

Integrating the first term in Equations (7), (8), and (13) provides hydrodynamic forces
and moments proportional to acceleration of the motion. These can be combined with the
inertial terms of the rigid body to give the following equation of motion

(M+M, sin? §)% g + (M, sin 8 cos 0)7, - (Q, sin 0)8
=T, +F, -Dcosé (14)

(M, sin 8 cos )X +(M+M, cos? 8)Z. = (Q, vos 9)é
=T, +F,+Dsinf +W

-(Q, 8in 0)¥pg = (Q vos 0)Z; + (1+1,)8

= Fg -Dxy +Tx,

where M, (1) -/m,(E.t)dE
L

Q) -_/Q‘m,(f.t)EdE

1,0 -‘{m,(e.ne?de

F, =F, - {-(Ma sin? 6)¥ g = (M, sin 8 cos 8) 7 +1(Q, sin 0)'0'}
F, = F,~{appropriate acceleration terms)

Fg = Fg~ {uppropriate ucceleration terms }.

A detalled evaluation of the integral expressions for the hydrodynamic forces and
moments is provided In Appendix A.

-
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The solution to Equation (14) is cumbersome; however, it can be accomplished using

standard numerical techniques. Introducing the state vector ["1' Xg X30 Xg1 Xg, x6]
where x; = ..

X; ® 2cg

X, =0

Xs ® Xeg

Xs ® 2¢g

Xg =0

Equation (14) can be rewritten, using matrix algebra, as

AX = (15)

sl e e sl

so that

deat e

T=Al] (16)

where A"! is inverse of the inertial matrix A. Equation (16) is now in a form that lends
{tself to integration by using 3 numerical method such as the Runge-Kutta-Merson integration

i S W )

routine.

EQUATIONS OF MOTION, SIMPLIFIED FOR CONSTANT SPEED
Assuming that the perturbation velocitles in the forward direction are small in comparison

to the speed of the craft, the equations of motion may be further simplified by neglecting

b i .

the perturbations and setting the forward velocity equal to a constant, i.e.

i el

kcg = CONSTANT

C e L

} If it is also assumed that the thrust and drag forces are small in comparison to the hvdrody-
L namic forces and that they are acting through the center of gravity, the equations of motion

may be written as

R L T A 1 Y
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Xe =0
M+M, cos? O)ZCG ~(Q, vos 0)0 = F'z +W
-(Q, ¢0s 0)ip, + (1+1)8 = Fj

These equations also represent the case of the ¢raft (model) being towed through CG at
CONSTANT speed. Based upon the previously described equations of motion, a computer
program has been written in FORTRAN language to compute the motions of a prismatic body,
planing in regular head waves at high speed. A listing of the program along with the
appropriute flow chart is presented in Appendix B, The listing contuins reference to thrust
and drag terms; however, they have no significance, except to provide a starting point for
possible updating of the program to include these terms in the future.

COMPARISON OF COMPUTED RESULTS WITH EXPERIMENTS

Computations of pitch and heave motions and heave and bow accelerations were made,
using the computer program for comparison with the experimental results of Fridsma.®
Fridsma tested a series of constant-deadrise models of varjous lengths in regular waves to
define the effects of deadrise, trim, loading, speed, length-to-beam ratio und wave proportions
on the udded resistance, heave and pitch matlons, and impact accelerations at the bow and
center of gravity, Figure 3 shows the lines of the prismatic models. The models were towed
at CG with a system that permitted freedom In surge. The computer program simulates the
model being towed at constant speed with CG at the buseline.

Table 1 presents some characteristics of the model and experimental conditions for
which comparisons were made. Most of the comparisons have been made at a speed-to-length
ratio V/\/T of 6.0 where the mathematical mode! is expected to be most representative. A
limited comparison has also been mude ut V/\/-l.-. = 4.0; however, no compurison has been
made #t V/\/'t = 2.0. At this speed, the model (or craft) opcrates in the displacement mode
for which the mathematical formulation is not valid.

The average computer run corresponded to 10-second, real-time, model scale: however,
only the last 2 seconds were considered free of transient effects. An cxample of the compu-
ter time histories of pitch and heave motions is shown in Figure 4. Although the motions
are periodic, they are not perfectly sinusoidal: consequently, in determining phase relationship.
the peak, positive-pitch value (bow up) and the peak, negative-heave value (maximum upward
position of CG) were used as reference points. There was a difference when the opposit.

peaks were used,

b il e
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TABLE | —= MODEL CHARACTERISTICS AND WAVE
CONDITIONS FOR COMPUTATIONS

(Model Length = 114.3 cm (3.7 ft); Lib = 5, Cp = 0.608)

CONFIGURATIONS
of
SYMBOL o porant L pe)r%l:lg? VIV
A 20 59.0 25.1 40
B 20 62,0 258 6.0
] 10 68.0 26.2 6.0
M 30 60.5 248 6.0
i WAVE CONDITIONS FOR CONFIGURATION =~
A B J M

He | ML | Hb | ML | Hb | ML | Hp | AL
0.111 1.0 0111 1.0 0.111 1.0 0.111 10
0.111 1.5 0.111 1.8 0111 1.8 0.t 1.8
0.111 20 0.111 20 0.111 2.0 0.111 20
0.111 3.0 0.111 30 0.111 3.0 0.111 30
0411 4,0 0.1l ], 4,0 0.111 4.0 0.111 40
0.111 6.0 0.222 6.0 0111 6.0 0.111 6.0
0.334 40
0.111 6.0

Corresponding time historics of bow and CG uccelerations are shown in Figure 5. The
bow acceleration was computed at Station 0. As can be scen in these plots, the impact
accelerations ranged in magnitude from cycle to cycle. The maximum impact (or negative
value) acceleration computed during the finul 2 seconds of run was used in the comparisons
with experimental values. In some instances, particularly ncar resonance, the maximum
impact acceleration was more thun twice the average impact value,

Figure 6 shows a comparison of varlation of computed and experimental pitch and heave
motion with wave height for the 20-degree deadrise model In a | S-foot wavelength und tor a
speed-to-length ratio of 6.0. Figure 7 shows the corresponding impact acceleration st the
bow und CG. The computed results closely follow the experimentual data, except for CG
acceleration at the extreme wave helght condition, where the computed value is apparently
much lower. Experimental data show that the model was leaving the water at this wave-
height condition. The computer model did not leave the water but cume very close:
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sce Figure 8. Figure 8 is a trajectory of the computer model relative to the wave for a
selected cycele of motion. The computer model behaves very much as expected. On the left-
hand side of the figure, the craft is planing down the crest of the wave and, as 1t approaches
the wave trough, comes very close to leaving the water before slamming and submerging
itsell deeply into the front of the oncoming wave crest.

Figures 9 through 14 show comparisons of the computed and experimental pitch and
heave motions at V/\/T = 6.0 through a range of wavelengths and at a constant wave height
of 2.54 centimeters (1 inch) for deadrise models with 10, 20, and 30 degrees, The data have
been plotted with respect to the coefficient Cy, defined by Fridsma as L/A [Cp/( L/2b)?} 113,
Note that in our notation, b is the half-beam.

Comparisons of heave and pitch for the 10-degree deadrise mode! shown in Figures 9
and 10, respectively, show excellent resuits. The computer model accurately predicts the
secondary peaks in the pitch and heave responses at Cy = 0.19. At this condition, the physical
experimental model rebounds so as to fly over alternate waves, The computer model oscillates
at half the wave-encounter trequency and comes close to leaving the water at alternate
encounters with the wave, It does not quite leave the water to fly over alternute wave crests;
nonetheless, it is a good representation of the actual motion.

The heave and pitch comparison for the 20-degree deadrise mode! at V/\/T = 6,0 {s also
excellent us can be seen in Figures 11 and 12, respectively. No experimentul phuse data for
the condition were reported for Cy greater than 0.072; however, extrapoluted results (not
shown) are in line with the computed results, The pitch und heave results shown in Figures
13 und 14 for the 30-degree deadrise model are good: however, res;jonses at Cy, = 0.048 and
Cy = 0.072 are higher than the experimentul results.

For practicu} considerations a computational scheme for planing boat motions should b
villd for a range from approximately V/\/T = 4.0 to V/ﬂ = 6.0. Compututions of the
motions were mude or V/\/T. = 4.0 for the 20-degree deadrise model: see Figures 1§ and 16,
Agiin the comparison of the computed beave und pitch response with experimental results is
exceellent.

Comparisons of the computed and experimentul impact accelerations (or largest negative
values) are presented in Figures 17 through 20. Figures 17 and 18 show bow and CG
accelerations for the 10-degree deadrise model; Figure 19 shows similar results for the 20-
degree deadrise model, Figure 20 shows the results for the 30-degree deadrise model. In all
cases, the comparlson appears to be fair to good. In the shorter wuvelengths, A/L = 1.0 and
AL = 1.5, the computed accelerations are higher than the corresponding experimental values.

This is most pronounced for the 10-degree deadrise angle model.
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CONCLUSIONS AND RECOMMENDATIONS

A mathematical model of a craft having a constant deadrise angle, planing in regular
waves, has been formulated using a modified low-aspect-ratio or strip theory. It was assumed
that the wavelengths were long in comparison to the craft length and that the wave slopes
were small. The coefficients in the equations of motion were determined by a combination
of theoretical and empirical relationships.

A simplified version for the case of a craft or model being towed at constant speed was
programed for computations on a digital computer, and the results were compared with
existing experimental data.

The comparison of the computed pitch and heave motions and phase angles with the
corresponding experimental data gave remarkably satisfying results. Comparison of the bow
and CG accelerations was fair to good.

In summary, the previously described mathematical model appears to be a valid represen-
tation of u planing craft in waves for the specific cruft geometry and wave conditions
considered.

To muke the computer progrum more valuable to the designer the following additional
work is recommended:

1. Improve estimates of hydrodynamic coefficients to obtuin better acceleration data
und to include more complicated ship geometry,

2. Determine added resistunce in waves,

3. Include freedom to surge and to udd components of propulsion,

4, Extend to the case of irregulur waves,
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Figure 1 — Coordinate System
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Figure 2a — Flow Separation from Chine
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Figure 2 = Types of Two-Dimensional Flow
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APPENDIX A
EVALUATION OF HYDRODYNAMIC FORCE AND MOMENT INTEGRALS

]
The hydrodynamic force the craft experiences in the vertical direction as Jerived in the ]
text is:
. am,V aJ
--/{maV-U +ri\a\'+CprV2}cosOdE+fnpgAd£ E
! £
where U = X, cos 0 = (2-w,)sin 0 -1
und e
V= ke 8in 0+ (2-w,) cos 0 - 0¢ :
Another force acting in the vertical direction is the weight of the craft.
The first two terms of the integral ore evaluated by making the substitutions ;'7“
¥ " Y . ‘j
V. wX. sint-0F+%. coif-W,cos q
+0(Kpg €080 = 8in6) + w, 0 8in 6 f*_.;
av é aW ‘
9V a_p.t 0 :
3 ] T cos :
b au
- 5 aE sin 2
B q
dw ow, :
L Z
; TRRATRT 4
/

and noting thut
a fuv 2 gpu-Uvm | -fm AT,
. ¢ ak Blgtern Jy t O

E' Using the previously described substitutions, the force becomes

h-,, "

Mleat.

- L_f_”ff&a/w& @4 FAJ/VA’ -:

e v a5t
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- "

F, = [-M. cos @z - M, sin 8 X +Q,0 + Maé(icc $in 6 - X cos 8)

+’{m' at £ cos 0 dt /m W Osinede

aw, f ow
[ \' T 2 ¢in 0 df + af cosBd£
-UVm 'mn fVm d¢ - p/CD bV dt'cosa
+/Q‘apnAd£

where M, -fm.dt
R

and
Q, -_/;m.tdt

This is essentially the form in which the integrals have been computed in the program.

The rate of change of the sectional added mass in the third term of the integral
expression is derived by relating it to the rate of change of depth of fluid penetration of the
section. The added mass of a section is assumed to be equal to

m, = k, 7/2 pb?
for which the time derivative is
m, = kaﬂpbi)

where b is the instantaneous half-beam of the section, and k, is an added-mass coefficient,
assumed to be constant. A value of k, = 1.0 was used in the computations contained in this
report. For sections with constant deadtise. which is an imposed limitation of this work,

the half-beam is related tu the depth of penctration by

b=dcotp
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where d is depth of penetration, and # is deadrise angle.
Taking into account the effect of water pileup, the effective depth of penetration d, is,
according to Wagner

d =n/2d

and

b=d, cot=mn/2dcotf

where 7/2 is the factor by which the wedge immersion is increased by the pileup. Using this

expression for the half-beam, the rate of chunge of sectional added mass becomes

m, = kampb(n/2 cot gyd

This expression is valid for penetration of the section up to the chine. When the immersion

to i T il

exceeds the chine, the sectional added mass is assumed to be constant, i.e..

T LT T T

v e e e b b e bl b e it ik i

i
i!
I LY 2
, ma’k"/"pbmax
. - .
- m,=0
5 , 8
P ]
d where b, is the half-beam at chine.
E The submergence of 4 section in terms of the motions is given by ]
| i
h=y/-r i
\
:
where 2= 2. - Esint + §cosd |
\ _ :
: rEu, cos[P(xCU +Ecos 0 +¢nin0) + wt)
i
} For wavelengths which are long in compurison to the draft and for small wave slopes, the
F immersion of a section measured perpendicular to the baseline is approximately d
t
i: d =~ 2 ~T : |
N cosf -vsind ;
14
where v = wave slope
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The rate change of submergence d is given by

1-t ' (z-1) ., 9(cos 6 - vsin§)
cos@ -vsind (cos 8 - v sin 6)? at

Since immersion (z-r) is always small in the valid range of the previously described
expression, the relationship can be further simplified to

"~ z-rl
cos @ -usinf
and

(2=1)

my & Kmob(n/2 cot f) ——F——y

The expansion of the integral expression for the hydrodynamic moment {n pitch
follows the procedure used for the vertical force. The results are summarized as follows

Fg = =16 +Q, cos 8% ~ QB (2ng 8in 0 ~ ke cos 6)
/ odw‘sde f OsinOw,§
- / m, cosd —= + /m, 0sinfw, Edé

o 8 dt /A z
+fvfn,sde+fpcubv25ds
) L
+maU‘/E| +fmaVUd£
stern Q
f dw,
+ QmaV—aE—sinade
ow,
-‘/Q.mlU I cos @ Edé

+/apgA cos B Ed¢
2

The only additional moments are the buoyancy moments, All other moments are considered
to be zero for the specific problem considered in this report.
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APPENDIX B
COMPUTER PROGRAM DESCRIPTIONS

OVERVIEW

The equations of motions developed in the previous sections of this report have been
solved by means of digital computer programs. Two major programs have been developed:
the first (MAIN) solves the equations of motion using the Runge-Kutta-Merson integration
algorithm and generates time histories that are stored on the system disk. The second
(PLTHSP) generates California Computer Products Company (CALCOMP) pen plots from the
disk flles, All programs were designed to operate on the Control Data Corporation computer
system, located at the David W. Taylor Naval Ship Research and Development Center in

Carderock, Md.

Descriptions of input data required to execute the programs, Job control cards, and
programs follow. Sufficient detail is presented for this appendix to serve as a manual for

use and maintenance.

JOB CONTROL CARDS FOR PROGRAM MAIN

Job control cards for program MAIN which computes time histories of the motion
varlables, are described as follows. If CALCOMP plots are not desired, TAPES need not be

cataloged.

Job Control Language Card:
Job Card
Charge Card
REQUEST,TAPE9Y,*PF.
REQUEST,TAPE2,*PF.
REQUEST, TAPE4,*PF.

ATTACH,BINAR,SEFZARNICKNEWB,
ID=XXXX.

ATTACH,NSRDC.
LDSET(LIB=NSRDC).
BINAR.

REWIND TAPE2.
REWIND,TAPE4.

COPY(TAPE2,0UTPUT)
COPY(TAPEA,OUTPUT)

0 nt
Standard facility card
Standard facility card
Rescrves space for CALCOMP plot dutu
Print output flle | request
Print output file 2 request
Attaches binary run flle

Attaches library routines
Loads library routines
Loads und executes run file

Rewinds time-history flles for printing

Prints time-history file
Prints time-history file

bt ann b b ild
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2 Job Control Language Card: Comment

CATALOG,TAPE9, SEFZARNICKDATA.., Catalogues file for plot.
A IDeXXXX. ) (SEFZARNICKDATA CAN BE ANY NAME)
' ) 7/8/9 END OF RECORD

DATA CARDS (1-5)
6/7/8/9 END OF FILE

INPUT DATA CARDS FOR PRC:CRAM MAIN

Input data used by program M AIN are read from data cards in NAMELIST and in i 3
, standard format. A descriptior ¢+ the FORTRAN symbols appearing in NAMELIST follows. | )
‘ ' For simplicity in the text that follows, it is assumed that NAMELIST input occupies only [
! one card. More cards can be used If necessary, |

Card 1(NAMELIST FORMAT, / /)

= A The absolute error for KUTMER (six values) | 4
NPRINT If=1, print normal output ]
! :

| :
= If«2, matrix, inverse matrix, F-column matrix, and KUTMER results L
: If=3, integral results '

If=d4, calculated values constant for given input values

P LI R |

4I . NPLOT If=0, no plot
. If=1, printer plot of results
8 END Number of runs to be made ]
' w Weight of craft in pounds i
, BL Boat length in feet ;
' TZ Thrust component In z direction }
‘ TX Thrust component in x direction j
XECG Distance from center of gravity to center of pressure for drag force in feet
. XP Moment arm of propeller thrust l.
: XD Distance from center of gravity to center i
b DRAG Friction for drag force
‘ v RO Wave helght ;i
‘ LAMBDA Wavelength 1
RG Radius of gyration In feet ‘E
T Propeller thrust in pounds ‘;5

GAMMA Propelier thrust angle in degiees
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Card | (continued)

ECG
NCG
KAR
BETA(D
EST(I)
NUM
XA

XE
HMIN
HMAX
EPS

Cord 2 {Formet 8F10.0)
(X(,1=1,6)

X(h
X(2)
X(3)
X(4)
X(5)
X(6)

Card 3 (8F10.0)

START
RISE

Card 4 (BE10.0)

TME
HMX
HMN

Longitudinal center of gravity I
Vertical center of gravity, nondimensionalized by ship length :
Added-mass coeflficient

Dead-rise angle in degrees

Station position in feet

Number of stations

Initial time

Stop time

Minimum step size

Maximum step size

Etror criterion

Initial conditions 5
Velocity 1
z :
0 |
X :

3
2

0 degrees

Time to turn on (RMP) tunction (see page 48)
Duration of RMP

Time at which integration interval is to be chunged®
New maximum interval size atter TME

New minimum interval size for KUTMER to subdivide

*1f this option s not used set TME (o stop time on run.
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Card 5 (8F10.0)

PERCNT Percentage of bout length subtracted from longitudinal center of gravity to

obtain X = point where acceleration computations are made jj
E
JOB CONTROL CARDS FOR PROGRAM PLTHSP :
Job control cards for program PLTHSP which generates CALCOMP plots of time
histories computed by program MAIN are described in this section. .
Job Cuntrol Language Card: Comment E
Job Card Standard facility card j
Churge Card Stonderd facility card :
REQUEST. TAPE7 HL Tape for CALCOMP plot data '
VSN(TAPE7=CK032). Volume seriul number of tape for 3
CALCOMP plot :
ATTACH,CALCS36. Attuches CALCOMP library routine i
ATTACH,BINAR,SFFZARNICKPLOTB, Attuches plot progrum run file X
ID=XXXX. 4
LDSET(LIB=CALC936) Loads CALCOMP library routines
BINAR. Runs plot program

7/8/9 END OF RECORD
DATA CARDS
6/7/8/9 END OF FILE

[ L INPUT DATA CARDS FOR PROGRAM PLTHSP
' Two or three dnta cards are mude ready by PLTHSP, depending on the options selected.
Standard input format is employed. A description of the nccessary data cards follows.

U TN IOTSUPIE TIPS -y ey IR P ¥ R

Card 1 (8F10.0 Format)

T e e m e wsmre

XAXIS Length of x axis in inches

YAXISP Helght of pitch component axis in inches
YAXISH Height of heuve component axls in inches
HT Height of lcttering in inches

Card 2 (110 Formaet)

E 1A 1f=0, no plots for bow acceleration and center of gravity ucceleration

Gt ot e b e 1t Akt e et Amamnie e e e o

If=1, plots previously mentioned information

G
i« hana KT e b
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Card 3 (8F10.0 Format) - Only Necessary If 1A =1,
YAXISB Height of bow acceleration axis in inches
YAXISC Height of CG acceleration axis in inches ; ;

PROGRAM MAIN
Program MAIN reads all necessary input data from cards, sets up initial values, computes
vonstants, calls KUTMER to determine the state variables at TIME for the period from XA
to XE in increments of HMAX. A table state variables is created for every PTIME-th value.
: The values for A/H and OP/?.n H/\ are calculated and printed. If the plot option is on, a
Lol printer plot will be produced,

Lt daimianate s e

Subroutine COMPUT(X)
This routine computes pitch moment NL and lift force FL. excluding added mass terms, 3

using values of integrals computed in subroutine FUNCT. The argument X contains the state

N , vector.

‘ s Subroutine DAUX

L This subroutine Is colled from KUTMER or EULER. It determines the values of m,. b,
i - and bl*, based on the following equations

hy (D = 20 = €D sin 0 + (D cos 0 = r(D

where (1) = r, cosk [x. +E(1) cos @ +{(Dsin 0 +ct)

Then for

l\w(lb>0.

h, (D

D = e = sind

where Vi) = =r k sin 0 ["(:u +E(D cos 0+ (D sin 8 +¢t)

i
dthy 3 b, (1 tun (BD 2/m)
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set

If

set

for

the following

m, (1) = Mymax )
b = b, (1)
bl(l) = ()

Mymax(!) ® k(D (p/2)7b2 (1)
d(1) < by, (1) tan (B(1) (2/7)

LD = d(I) cot (B(1)) (/2)
bl(l) = b(l)
my(1) = k (1) (p/2)wb3(1)

h, (N <0;
mgD =0, b()=0, bl(h=0

This subroutine then calls FUNCT which in turn calls COMPUT to determine the values
of N_ und F, the lift force and moment. The values of Ny und F are used to compute

F, -Tx+FLsin0-DcosG
F, -TZ+FLc000+Dsan +W
FJ " NL'Dxd +Txp

*bl array is set up for Intagrations for portion of hull for which chine is not immersed.
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The mass inertia matrix is

A, =M+M,sin?6 A

Ay * Ma sin @ cos @

Ala - 'Q. sin 0

e ¢ e i A ) A A i B ] i Lt

Ay = Ap
Agy "M+M, cos?d |
Ayy = -Q, cos b
Ay " Ap
Ay = Ag

Ay =1+ i

The matrix is inverted by the system routine MATINS, The inverted matrix is then

g; used to solve the following equations which determine the state vectors,
L
) o -] el -]
£ Xeg " AT Fi+Ap” Fy+ A F
Foay .
A feg ® A" Fy + Ay Fy + Ay Fy
(.
; i .l -1 -1
.!? 0 =A)TF +ATFyt AR,

Subroutine FUNCT (X)
This routine evaluates various integrals appearing in thz force and moment mathematical

models. The integrals are evaluated, using a trapezoidal integration algorithin. The argument
E x contains the state vector. A list of integrals that are evaluated is presented.

T
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Subroutine INPUT

This routine reads in NAMELIST/HSP/ which contains the initial data concerning the
craft and sea conditions pertinent to all the runs to be made. It Is set up so that most of
the data are given default values by means of data statements in subroutine INPUT. These
dutu statements can be overridden during execution by reading values in on cards. For further
explanation of the specific variables see section on the input data cards.

This routine also “initializes” constant such as 7, p, and g. It uses the input values to
caleulate the keel profile and planform arrays, NO and BM, wave constants, system mass and
inertia, and maximum mass and depth of chine at each station.

Subroutine KUTMER (NEQS, TIME, HMAX, X, EPSE, A, HMIN, FIRST)
This is a Runge-Kutta-Merson Integration routine that Is capable of changing the size of
the interval over which it integrates to ineet specified error criteria. It Is therefore an
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accura’c method for a system that may oscillate more rapidly than the initial nregration

¥ intcrvel, A minimum step size prevents the routine from subdividing the interval indefinitely.

lflii ' The input arguments are:

sgf NEQS Number of dependent variables in the x array

E' TIME Actual time (independent vanable)

3“ HMAX Increment for which the solution is to b~ returned

%« X Vector of dependent variables

&l EPGE Relative error criteria specified for each component of x and used for the

e components of x less than the absolute value of A

r‘“ G A Absolute error criteria

ﬁv HMIN Minimum step size allowed

k FIRST Set to zero on first call; a value of 1 is assigned by KUTMER on subscquent

2 calls tor which thc error criteria are satisfied, otherwise a value of 2 is

; ‘ assigned

E‘i Subroutine PLOT2 (F, FMIN, FMAX, NVAR, NFUN, N1, N, XC, DELX)

' Data stored in the two-dimensional array F are plotted, using the printer by subroutine

g PLOT2. As many as 26 different functions, having evenly spaced ubscissa values, can be

- plotted. The output is written on Unit 6. A des~ription of variables follows,

f F Array containing data to be plotted, the Jth point of the Ith function is

i - stored in F(I,J)

B . FMIN An array of minimuwn runctional values; the minimum of the Ith function i

! it stored in FMIN(]) g

;E FMAX Same as FMIN only for maximum values :

E NVAR An array of titles for each function to Le plotted 1

: NFUN Number of functions to be plotted 1
N1 First dimension of array F 3
N Number of points to be plotted
X0 First abscissa value
DELX Abscissa increment J

_ Subroutine PLOTER (FX, XA, HMAX, LAMBDA, |1B, NWAVE)

! [he routine initializ¢s various values required to generate printer plots and computes

: pitch-and-heave ratios. The printer plots that are generated consists of pitch-and-heave time ;

" histories. A description of innut variables follows.

- ——— — -
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FX A two-dimensional array, containing time histories to be plotted

XA Initial time

HMAX Time-interval increment; time interval between values in FX is given by
HMAX*PTIME

LAMBDA Wavelength

IB Number of values to be plotted

NWAVE Position in FX at which wave is completely turned on

Function RMP (T, START, RISE)

The RMP is a function that calculates a value netween O and | corresponding to time T,
based on a straight line from time START with a vaiue of 0 to time STAKRT plus RISE with
a vabite of 1. It is used to lower the initial wave ampiitude to avoid large transients at start
of tit computacions,

The arguments are:

T Actual time
START Time at which to begin the ramp from 0 to |
RISE Duration of rise from 0 to |

The function reaches the value 1 at time START plus RISE, if the rise is 0.0, RMP wil!

return a value of 0.5.

Subroutine TRAP (F, DX, NPTS, ANS)
This routine performs the evaluation of an Integral using a trapezoidal approximation.
The argument variables are def ned as follows:

F Array of int jgrand values

DX Increments a"t which F is evaluated
NPTS Number of values in F

ANS Result, which is equal to

NPTS
DX [2 F(i) - 0.5 [F(1) + F(NPTS))
jo]

PROGRAM PLTHSP

This program uses a data file created by program MAIN to create CALCOMP plots. The
data are read from logical Unit 9 and are rewritten on Unit 7 for CALCOMP input. Program
PLTHSP sets the tape output unit equal to 7 and calls SUBROUTINE CALPHI to execute the
plot procedures.
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Subroutine CALPLT

This subroutine manages all the 1/0 operations and performs thc necessary calculations
required to generate the plots. After reading the card data (two or three cards) subroutine
READT is called to read the data flle (Tape 9) created by program MAIN, The CALCOMP
initializing routines are called next, after which a call to subroutine ESCALE calculates the
necessary scaling factors. Subroutine EXAXIS is called next to determine the placeraent of
the plot tick marks and identifying digits. The CALCOMP plot-generation subroutines are
now called and, depending on the option u:fined by the IA parameter on card 2, plots of
pitch and heave at the bow and CG location are generated as functions of time if 1A = ],

Subroutine EAXIS

The subroutine is analogous to the CALCOMP AXIS routine, The only exception is thut
the tick marks are not necessarily inch, and the height of the characters is defined by the
input parameter HT. Function NDIGIT is called to determine the number of digits necessary

to print an even increment of the plots functions on the axis.

Subroutine ESCALE, ADJUST, and FUNCTION UNIT
These subroutines find the scale to be used on the plot axis, Function UNIT Is called

e to determine the axis increment size after which subroutine ADJUST is called to extend the
1 minimum (AMIN) and maximum (AMAX) velues so that they are even multiples of the axis
' increments,

FUNCTION NDIGIT
This function finds the number of digits necessary to print even increments of the

} function on the axis. Both the number of nlaces in the entire number (NDIGIT) and the
' number of decimal places (ND) are determined, after which the value of each increment on :
the axis (ANUM) is calculated.

Subroutine READT i
This subroutine reads the data file cteated by nrogram MAIN. Data file records are
read until the message end of file is encountered. Each reccid is read in the same formut as
H it was written in MAIN. The information is printed to allow the user to inspect the created

P flle.
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BEST AVAILABLE COPY

LISTING OF COMPUTER PROGRAM FOR MOTION COMPUTATIONS

oo O

0O 00000

PROGRAM MAINUINPUTOUTPUT +TAPESaINPUT s TAPESSOUTPUT s TAPEIRS] 2,
. TAPEZ2eS12:TAPE4S12+TAPES)

REAL IT4K,LAMBOA M MAMMAKX 4N yNCGoNOMASSoNL ¢ 14 KAR
INTEQER ENN

DIMENSION x(6)+FX(2,400)

COMMON /CONSY/ NCOJECO+P1+0PRIRPDIGRAVTY 4RHO K NUM¢MA(L120) 9COTAy
Py B(120)sBETA MW (120) 4 TZJURAGWo XD T XPoMoI Ty
a DELTAS»TI.E!T(!!’)oCoROoKARonMAX(l 0)sTEST(120),

N(120\ ,PHAL

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

CO‘NON /SHIP/ Hl!!oClNTtOAo.EoC(loCCJ-OHUoIO“UOEZONUDESDMUQD'oONHoNAIN

. NLoFLoIAVE(120)

COMMON /IN/ BM(120)48)(120) 4VELIN
CUMMON/ZUUT /NPRINT sNPLOT 4 END
COMMON/TERMS/TLoT2+TI9Tho18,T0,77478

COMMON /SEAWAVE/ STARTIRISE RAMP

COMMON /INTERZ 11,KTT(10)+DIFF(10)

COMMON /ZIN27 NO{D20) s RAsXEyHMAX JHMINGA (6) yEPSE (8) s LAMBDA
COMMON /ACCEL / XACCL,BWALL 4CGACL ¢BL

CALL INPUT

COMPUTE INTEGRATION INTERVAL INFURMATION
NLESS = Nuvel
=]}

11 = 1
OIFFER = ExT(lel)=EST(I)
KTY(I1) = 1

OIFF(I1) = OIFFER
00 29 Is2,NLESS
OIFFERm EST(11)=EST(])
KTT(II) » KTYT(I1)el
IF(DIPFERNELULFF{TTIN)G0 TO 24
60 ro 2%

26 17 = [1e)
WTIT(ID) = 1
DIFF(I1) = DIFFER

25 CONTINUE
KTT(IL) = KTT(11)e)

o ¢ 0 0 0 CHECK JF NUMBLR OF INTERVALS EXCEEDS DIMENSIUN

1F (11.,6Te10) WRITE/6428) (KTTUI)oULFF(])olm)oll}
IF(11.0T.10) 370P ¢
@ ® o 9 ¢ POINT AT WHICH MULTIPLE RUNS START
8 CONTINUE
TimMEeXA
KOUNTe1
ENDSEND=1
WRITE (6439)
39 FORMAT (IH])
e e e o o0 o ¢ RCAD IN INITIAL CUNDITIUNS
X(1) = VELOCITY, 12(2) @ 2 DOTe X(3) = THETA DOT
K(4) u Xy A(S) = 2 X(6) = THETA
THETA 1S PEAU IN DEGREES THEN CUNVERTED TO RADIANS IN PROGRAM

READ(5910) (X (L) elul,eby

50

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MALN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA TN
NAIN
MAIN
MAIN
NAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA IN
MA IN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
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DATA » USED IN RAMP FUNCTION, TO TURN UN WAVE MAIN 81

READ(3410)STARTIRISE MAIN 62

MATN 63

10 FORMAT (BF1A &) MAIN 64

Cewo oo o yRITE OUT THE INPUT VALUES MAIN &S

WRITE(6+19) START RISEKAR MAIN 66

19 FORMAT (M START ® " ,Ff10.,6,7+" RISE ® #yFl0,09/y" KAK 8 " FLOMAIN 67

YY) MAIN &8

c MAIN 69

c TME 1§ THE TIME AT WHICH THE INTEGRATION INTERVAL 1§ MAIN TQ

c 10 HE CHANGED MAIN 71

¢ Mg 1S THE NEw MAXIMUM INTERVAL SIZE AFTER TIME TME MAIN T2

c MMN 18 THE NEW MINIMUM INTERVAL SIZE FOR KUTMER TV SUB=DIVIDE MAIN T3

-. c THE MAXIMUM INTERVAL uP 1O MAIN  Té

' ¢ IF YH1s OPYTION 1§ NOT USED SET TME TU THE STOP TIME OF THE RUN NA{N ;:

¢ MAIN

READ(85,00) THE (HMXyHMN MAIN 77

WRITE(OuLL) TAEPMAC,HMK o M IN g HMN MAIN T8

1l FORMAT(® AT TIME o,F7,2,¢ THE MAXIMUM INTERVAL SIZE FOR INTEGRATIMAIN 79

®ON WILL RE CHANOED FROM #3FiQ.4s® TO #4F10,84/ MAIN B¢

#0  AND THE MINIMUM SIZE FUR MALVING CHANGES FROM #,F1Q,4, MAIN 81

® & 1Y %, FlO,4) MAIN 82

¢ ADJUST THE TIME FOP CHANGE OF INTEGRATION INTERVAL MAIN 83

¢ FOR CHECK AGAINST TIME IN THE INTEGARTION LOOP MAIN 84

T = TME=(MMAX/2,) MAIN 83

¢ SET SWITCM FOR CALCULATION UF PLTCH ANO WEAVE RATIOES MAIN 86

¢ ON NEXT CALL TO PLOTER MAIN 67

IPT » 0 MAIN 648

IF{TME EQ XE) IPT w MAIN 8¢

¢ MAIN 90
READ (5+10) PERCNY MAIN 91 F
XACCL » ECH-PERCNTSSL MAIN 92 4

WRITE(6+12) PERCNT,XACCL MAIN 93
12 FORMAT(® THE x USED FOR THE BOw ANO CG ACCELERATION COMPUTATIONS MAIN 94 4
o1S BOUAL TD ECO=%1F10,4s7TH®BL OR +F10,4) MAIN 98 :
' c MAIN 96 :
wRITE (6423 MAIN 97 )

WRITE (6167 MAIN 98

X 23 FORMAT ()M 4//7) MAIN 99
; 47 FORMAT (" STATION NO, "IN "OEAU RISE BUMESTH o BXHNOY, MAIN 100 k.
b * 10X "BEAMY) MAIN 101 :
oo WRITE(6+55) ((1rBETAEST I JNOCTI) 98MI1) ) s 1e) aNUM) MAIN 102 i
85 FORMAT(6X41205K9F10,6r4KoFlBo204XoF10,40vIX9FIiDet) MAIN 103 i

WRITE (8+23) MAIN 104

WRITE (6+568) (X(I)elmlyb) MAIN 108
86 FORMAT (" X VALUESY X e61F)0,622X)) MAIN 106 |
. Ce® e o o9 e CHANGE INPUT FROM OEGREES TO RADIANS MAIN 107 ;
; X(3) & X(3)*RPD MAIN 108 i
i X(6) ® Xib)*RPD “AIN 109 :
! ¢ MAIN 110 i

WAVE = STATeRISE MAIN 111
NWAVE = O MAIN 112 i
‘ Covo o508 s wRITE OUT COMPUTED ARWAYS MAIN 113 f
§ WRITE (65T 1Mo LT oK CoPHALF P (GRAVTY HAIN 114 i
b IF (NPRINT LT.4) GO YQ 62 HMAIN L1S ;
WRITE (46,88) (E(I)e]s)sNUM) MAIN 116 i
WRITE {6,59) (NCI)oTaloNuM} MAIN 117 3
WRITE (6¢04) (MMAXCL) 3 ImloNUM) HMAIN 118 :

MRITE (6454) (TEST(I) s1m)oNUM) MAIN 119
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62 CONTINUE MAIN 120
WRITE(6¢28) (KTT(I)4OIFF (L) olslell) MALIN 12]
26 FORMAT(® KTT,0IFF #,110,2X,F10,4) MAIN 122
87 FORMAT (4N Ma yF10,4,4H 18 oF10,000M Ko JF10,0y6H Cu oF10,4,)1H PloNAIN 123
GRHO/2% 4F10,4ySH Pln 4Fl0,4,10H0 GRAVITYS ,F10,6) MAIN 126
S8 FORMAT (' £ (1)1%910F10.4) MALN 125
SO FORMAT (" N(J)"y10F10,4) NAIN 126
66 FORMAT (' MMAX(1)"910F10.4) MAIN 127
68 FORMAT (M TEST(I)n,s10FL0,.4) MAIN 128
18 s | MAIN 129
IPRINT & NPRINT MAIN 130
WRITE (4491) HAIN 13)
Co® oo oo o0 yRITE HEADINGS AND CUNDITIONS AT TIME = 0, MAIN 132
: ) FORMAT (JH1 42X 1" TIMEM X" XDOT* 49X ¢"2DOTH 99X o HTHETA DOTH, 00, MAIN 132 .
' ; 6 IHKoOXo1HZoOKsSHTHETA+9X 9 2HNL 49X ¢ 2MFL o MAIN 136 :
: o &R 0HBUW ACCL 14Xy THCO ACCLy//) MAIN 138
WRITE (4492) TIME (X(1)olm]s6) aNLoFLBWACL,COACL MAIN 136
WRITE(9) TIME, (X(L) Iukys6) oBWACL 4COACL MAIN 137
KOUNT = KOUNT*} MAIN 138
FX(1o1B)0X(S) ' MAIN 139
Frizs1B8)sx(8) MAIN 140
IKUTMa (XE=XA) 7HMAX+,0S MAIN J4&)
IKUTHM & (TME=XA) /7HMAK o (RE~TME)/HMX ¢ ,08 MAIN 162
FIRST=0,0 MAIN Je3
NEQSSS , MAIN 144
IKUTSe0 MAIN 68
o ¢ MAIN 146
=1 ¢ START OF INTEGRATION LOUP MAIN 167
Y ¢ MAIN Jo8
b 851 CONTINUE MAIN 149
ok NPRINT ® IPRINT MAIN 150 .
ié; Ceveo o s o CHECK PITCH 0T, 45238 RADIANS MAIN 18]
[ IF(X(6).,07,,5236)00 TO 893 MAIN 182
§T~ Ce®®® o090 00 PERFORM INTEGRATIONS MAIN 183
B IF(TIMNELLT, TM,OR,TME,EQ.RE) OU TO 98 MAIN 184 ,
£ IF (IPT4Eue)) GO TO 98 MAIN 185
[ HMIN = MMN MAIN 186
B MHMAX & HMX MAIN 187
£ FIRST = 0.0 MAIN 188
' 98 CONTINUE MAIN 159
S CALL KUTMEQ (NEQS TIME JHMAK o X oEPSE s A4 HMIN,FIRST) MAIN 160
' IKUTSEIKITSe] MAIN 18] :
' IF(FIRST.E7,2)GU 10 861] MAIN 162 3
IF (KOUNT «NF o 1 s AND.KQUNT JNE L&) GO TO 99 MAIN 163
. WRITE (4+49]) MAIN 164
: KQUNTs) MAIN 188 ]
: Ceoe®o 2009 e WRITE OUT TIME INTERVAL RESULTS MAIN 166 }
4 99 WRITE (0992) TIME, (X(1)sl®le8) oNLoFLBWACL,COACL MAIN 167
C WRITE(6s9ITIoT29TI)Ta TS TE,TY T8 ,0MM,0F MAIN 168
{ WRITE(9) TIMEs(X(1)»1m6e6) +BWACL»COACL MAIN 169
! IF(TIMELLT,TM.OR,TME,EQ.XE) GU TO 200 MAIN 170 }
E . 1F{IPT.EQ.1) 00 TO 200 MAIN 171
b CALL PLUTE® (FX XA HMAXoLAMBDA 1B sNWAVELIPT) MAIN 172
Loy 1PT = ) MAIN 173
b LK) MAIN 176
' XA = TIME MAIN 175
i FIRST ® 0,0 MAIN 176 ]
g HMIN = HMN MAIN 177 . |
; HMAX ® MMX MAIN 178
oo
1
i
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13
: ‘% : B 200 CONTINUE MAIN 179
B - : 1821841 MAIN 180
g : FrilylBinx(s) MAIN 101
§ i FX(2eIB)0xX(6) MAIN 182
; i 9) FORMAT(" #,10E10,4) MAIN 103
i ; 92 FORMAT(1Xs11(F104492X)) MALN 1864
4 £ 100 CONTINUE MAIN 185
vile : KOUNT=KOUNT ¢} MAIN 106
I : IF (NWAVE 07,0100 TO 21 MAIN 187
g ¢ IF (TIME,OT ,WAVE ) NWAVESKOUNT MAIN 188
- 21 CONTINUE MAIN 189
' IF (TIMELLE, XELAND, IKUTS, LT IKUTM)GU TO 851 MAIN 190
& WRITE (2,882) MAIN 191
484 CONTINUL MAIN 192
! ; 882 FORMAT( "  END OF KUTMER") MAIN 193
, : 883 CONTINUE MAIN 194
CALL PLUTEN (FXoXAsHMAX JLAMBOA + 18 NWAVE , IPT) MAIN 168
Cooaeowee CHECK POR LAST RUN IF NUT CYCLE HACK TO READ MAIN 196
c NEw DATA FOR AEXT RUN MAIN 197
IF (ENO,NE,1)0U TO 8 MAIN 198
60 10 999 MAIN 199
C® ® & ¢ KUTMER ERROR MESSAGES MAIN 200
861 WRITE(64862) MAIN 201
862 FORMAT("  ERRUR CRITERIUN IN KUTMER CAN NOT BE MET) MAIN 202
: WRITE (6458) (X(])eln]e6) MAIN 203
. WRITE (6,86) TIME MAIN 204
86 FORMAT (% TIME =i yF10.4) MAIN 208
, 1F (ENO,NEL1) G0 TO 8 MAIN 206
S 00 TO 8%3 MAIN 207
g 999 CONTINUE MAIN 208
o - END FILE 9 MAIN 209
ot END MAIN 210
: SUBROUTINE PLUTZ2 (F oFMINsFMAXINVARsNFUNSNY Ny X0 o DELX) :LOT! g
. C LOT2
i € PLUT FIRST N POINTS OF UP 1O 26 FUNCTIUNS F(X) PLOT2 &
3 . € F(lyJ) CUNTAINS THE VALUE FOR THE JTH POINT OF TWE ITW FUNCTION PLOT2 8
C FMIN(I) AND FUAX(1) CONTAIN THE MIN AND MAX ORDINATE VALUES FOR PLOT2 6
¢ THE 1TH FUNCTION, PLOT2 7
¢ NVAR(I) AN ARRAY OF TITLES FUR THE VARIOUS FUNCTIONS PLOT2 &
¢ 10 BE PLOTTED AGAINST THE ABSCISSA PLOT2 9
. c NFUN NUMBER OF FUNCTIUNS TU BE PLOTTED « OIMENSIUN OF  PLOT2 10
: ¢ NVARy FMIN, FMAX PLOT2 11
' c NI USED ONLY IN F(Nlyl) AS PASSED UIMENSION PLOT2 12 ]
¢ N NUMBER OF POINTS IN A SINGLE PLOT FRAME PLOT2 1) {
c X0 FIRST ABSCISSA VALUE PLOTZ 16
¢ OELX ABSCISSA INCREMENT PLOT2 18
¢ PLOT2 16
DIMENSION 'JSTQP(ZG).F(NI.N).'NIN(NFUN)JNA!(N"UN)oVL‘ST(?Mo PLOT2 17
1 VFIuST(26) +HEAD (6) »STEP (26) PLOTZ 18
INTEGER CH(26) yNVAR( NPUN),UOT4ASTER,PLUS s BLANK »LOT2 19 1
INTEGER C PLOT2 20
. INTEGER A(101) pLOT2 21 ]
¢ PLOT2 22
. DATA BLANK,DOT,ASTER,PLUS/IH slM,slme lrey PLOT2 23
' DATA CH (1) CH(2) oCH{I) oCHI4) sCH(S) sCH(6) sCHIT) sCHIB)1CH(D)CH(10) PLOTR 24
2 /7 IMA , IMB o IHC » AMD 4 IHE o+ AWF 4 140 o LMR QML olHJ #  PLOTZ 28
OATA CH11) o4CH(12) oCH (1) sCH(LG) 4CH(1S) 4CH{1B) CHILTIoCH(1B) PLOT2 26
2. 2 IWK o LML o JHM . IMN 5 IMO 4 IMP 4 LIHQ , 1MR/ pLorz 27
3 . OATA CH(19)4CH(20) oCH (21) sCH(22) sCH(23) ¢CH(24) +CH(28) yCH (26) PLOTZ 28
53
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e 2 InS y INMT o LHU o ANV 4 QMW

I1F (NFUNGLE 0, 0RN,LELO) RETURN
C PRINT HEADINGS,
WRITE (6406)
46 FORMATY (//7/)
00 40 Jol NFUN
3 TENMBAES (FMAX (]) =FMIN(]))
gxPs},
IF (TENM.£Q.0,.) GO0 TO 2
C RRING TENM 10 A VALUE BETWEEN 1| AND 10
IF(TENM,LT,1,.) G0 TO )
J IF (TENM,LT419,) G0 TO 2
EXPstxPelr,
TtNNlTENN'.l
60 T0 )
1 EXPeEXPe, |
TENMRTENMS]Q,
I'(f(N:.OT.l,) 60 10 2

60 10
C SEY UP VALUE 4ETWEEN OGRIO LINES. RSTLP,
e P!TIPIS.
1’(':“”00[.!0)"‘!"]00
IF(TENM LT 2.)PSTEPNY,
) RSTEP (1)mOSTEPSEXPO, ]

C CUMPUTE VALUE OF STARTING LINE, VFIRST,
FIRSTwFMIN(L) /RSTEP(])
[FAFMIN(L) WLTA0 ) FIRSTaPIRST~],
FIRSTSAINT(FIRST)
VFIRST(1)nFIRSTORSTEP(])

C CHECK END LINE VALUE»VLAST,

VLAST (1) aVFPIRST(I) e )0, oRSTER ()
[P (VLASTU]) JUTFMAX(1))00 TO &

C IF ORAPH IS TUO SMALL TAKE NEXT LARGLR STEP,
AASPSTEP
IF(AALTY, %, )PSTEAuS,
IF(AACEQ.8,)PETERL|0,

[F(AAGLio104) GO TO 8

PSTEPm2,

ExXPalO,eExpP

00 TO 8
C CUMPUTE VALUE NETwEEN POINTSSTE™,
& STEP (1)mRsTEF () ®,])

RK=0,

DO 6 rKsl,s

MEAD (KR) s FIRST () ¢2 ,*RK*RSTEP (1)
3 RKERKe 1,

INX o

40 WRITE 16+68) CHILYs NVAR(I) s (HEAU(KK) oKK®l96)

43 FORMAT(1K+ALs3H ® ¢AJO+SXIIPEL2,415(BXyIPELR.4))

00 50 Je=ls101
A(J) 9BLANK
1P (MO0 (Js1n)o€EGal) A(J)SDOT
S0 CONTINUL
WRITE (6+58) AsA
SS FORMAT (2%Xy101AL/1SX,4NTIME18X9101A])
C PLYT EACH PUINT
00 100 J=l,N
Bex0+FLUAT (J=)) *DELX
00 70 Kwle10l
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A (K) sBLANK PLOT2 88 5
1F(MOD(K+10) €04 1) A(K)=DUT PLOT2 89 E
IF(MOD (V45 14€Qed) A(K)mOUT PLOT2 90 :
70 CONTINUE PLOT2 91
00 80 1&_,NFUN PLOT2 @2 £
LOCR((F ;1,J) =VFIRST (1)) /STEP(1)+1,5) PLOTZ2 93
CaA(LOC! PLOT2 94
A(LOCI=CH{]) PLOT2 98
EF(CoNEBLANK JAND,CNE,DOT) A(LOC)mASTER PLOT2 96 \
60 CONTINUE PLOT2 97 p
IF (MOD (Jy10) 4E0.1)00 1O 98 PLOT2 98 ]
. WAITE (6489) § PLOT2 99 i
: NS FORMAT (2%k,101A); PLOT2100 3
[ 60 10 log PLOT2101 i
9% WRITE(6+194)844A °LOT2102 4
15 FORMAT (12X IPEL2,4.1X4201A0) PLOT210) by
160 CONTINUE PLOT21 04 A
RETURN PLOT2108 )
END PLOT2106 5
SUBROUTINE KUTMER(ND»ToHo Y0 EPSEAVHLR o FIRST) KUTMER 2 B
DIMENSTION vO(8)sY1(6) s YR(6) oFOLO6)oF1(0)sFR(B)EPSE(6)4A(S) KUTMER I ﬂ
) COMMON ZUUT /NPRINT JNPLOT+END KUTMER & 4
i COMMON /ACCEL / XACCL yOWACL ¢COACL sBL KUTMER 8 i
1N OATA NAML HAM2 /2HY] 2WYR / KUTMER 6 i
k- ¢ KUTMER 7 N
E;; ¢ NO & NUMBER UF EQUATIONS, NU, UF COMPONENTS OF YO KUTMER & g
o ¢ T = INPEPENDENT VARIASLE RUTMER 9 4
. ¢ W m INCREMENT POR WHICH SULUTIUN 18 TO 8L RETURNED + OR = KUTMER1O 1
“ ! ¢ YO » THE VECTOR OF DEPENDENT VARIABLES, ENTER with INITIAL KUTMER]] g
b c VALUCS AT T AND RETURN WITH VALUES AT TeH RUTMER12 g
v ¢ CPIC = RELATIVE ERAROR CRITERION FUR CUMPONENTS OF vx +OT ABS(A) RUTMER]D ¢
i ¢ A = ABSOLUTE ERAROR SRITERION FUR COMPONENTS OF Y0 ,LT. ABS(A) KUTMERL4 ;
! ¢ NUTE=w CPSL AND A MUST 8K SPLCIFIED FOR EACH GUMPONENT OF THE SYSTEM KUTMERLS N
. ¢ WEX & TH{ BMALLEST STRP SI20 USED IN THE INTEQRATIUN KUTMER 1S .
L \ ¢ FIRST SHUULD A€ © wWEN KUTMER 18 ENTERED FOR 7HE FIRSY TIME KUTMER]TY
; c AFTER THAY FIRST IS | IF RUTMER 18 ENTERED wiTH THE SAME M OR KUTMERLS
t c IF 17 I8 CHTERED WwITH A CHANOED M KUTMERLY
; ¢ IF FIRST 16 2 THE LRROR SRITERIA CANNOT G MEET AND TnE STEP SI2E IRUTMERZO !
/ ¢ REDUCLD TO w/)20, KUTMERZ) e
l c KUTMER22
N IF (FIRSY) 20410420 KUTMER2)
: C o oo ooaea=a FIRST ENTRY KUTMER26 {
: 10 HC & W KUTMER2S i
z IPLOC » ) KUTMER26
FIRSY » 1, KUTMER2? 3
G e=aaaae=aa OTHER ENTAY KUTMER28 ,
20 LOC n 0 KUYMER2Y !
HCX w HC KUTMERIO ;
IF (HC,NE,N,) OU O 30 KUTMERIL i
WRITE (8+800) KUTMERI2 j
B00 FORMAT (SX¢4SHKUTMER ENTERED W1TH JERU INTEGRATION INTERVAL ) KUTMERDD ;
FIRST » 2, KUTMER & |
RETURN KUTMERIS ]
Coeaeasneee= 3 CALLS 1O DAUX KUTHMERIS w
30 CALL ouuxcr.vg.ro) KUTMERI?
1P (NPRINT (EQS)YRITE (60400) Y09 ToFO KRUTMERIS !
400 FORMAT (6 (2x¢FL0.4) OHTIMEY2X4F)0,4) LWUTMERIY :
IF (NPRINT (FQ 31 WRITE (64400)KC KUTMERGO i
39 DO 40 141,ND KUTMERG ) i

55




,.-i
L it 2t L

BEST AVAILABLE COPY

40 YA(X) & YO(I)e(HC/I,)OF0(]) KUTMER&2
LFINPRINT £Q.S)WRITE(6,40D)v1, T KUTHMERSGD
¢ KUTMER&G4
CALL OAUX(TOHC/3e0V10F]) KUTMERGS
IF (NPRINT.FQoS)WRITE(69400)F )T KUTMERLG
Q0 %0 I=1,v0 KUTMERL?
80 YA(I) = YO(D)e(HNC/6,)8FO (L) e (HC /64 )OFL(]) KUTHER4S
IF (NPRINT (£Q.S)WRITE(6,400) vl T KUTMERGY M
c KUTMERSO i
CALL DAUX(ToMC/InrY)s®1) KUTHMERS ) 3
IF (NPRINTFQeS)WRITE (09400)F 1Y KUTMERS2 H
00 60 IslynND KUTHERSD 4
60 YA(I) = YO(L)o(MHC/B8,)0F0 () e, JT8enCoF] (]) KUTHERSS :
IF (NPRINT EQ.SIWRITE(6,400) Y], T KUTMERSS {
¢ KUTHERSS :
CALL DAUX(ToHC/2:0Y1:72) KUTMERS? 2
17 (NPRINT CQ.S)WRITE(69400)F207 KUTHMERSA :
00 70 IslyND KUTMERSS
70 YI(I) @ vO(1)o(MC/2.10F0 (L)al BonCor] (1) e, onCor2 (1) KUTMERSO o
: IF (NPRINT ,FQ,S)WRITE(6,400) Y1, T KUTMERS 1 >
: c KUTMERS 2 ’
CALL DAUX(TeHCoYLoF L) KUTHMERSD
1F (NPRINT FQ.S)WRITE (6:400)F 10T KUTMERG4
DO 80 I=l,ND KUTHERGS
80 Y2(L) ® YO(L)onC/6,0F0L{L) o (2,7),) *HCOF2(1) e (HC/64)OFL(T) KUTHERSE
IF (NPRINT (£Q.S)WRITE(69400) Y2y T KUTMERG?
INC & @ KUTMERSS
C === v ewaaa CHECK ERROR CRITERIA KUTMERSD
00 110 Im},ND KUTHER?O
222 = ABS(YLl:1))=At]) KYTMERTL
IF (222) 84,407,087 KUTMER72 . ;
Cemoeweoeawoaoaa AJOLUTE ERRUR KUTMERTI |
85 ERROR = ABs(,20(Y)(1)=Y2(1))) KUTMERTH S
1F (ERRUR=A(I)) 100,100,490 KUTMERTS ;
Cemoomnmesaess REATIVE CRHOR KUTMERTS !
87 ERROR u ABG(,22.2%Y2(1)/YL(])) KUTMERT? ’ .
IF (ERROR=EPSE (1)) 100+100+90 KUTMER?S i
C e oo o wmea=n=x SINCE ERROR .07, LRROR CRITERIA CHECK IF HWC.GV H/KUTMERTS i
C o ooweemaooa IV YVES THEN MALVE INTERVAL, OTHERWISE STUP, KUTMERAO 1
90 X w 128,2A48(HC)=ABS (M) KUTHMERS )
. IF(X) 91,9%,98 KUTMERS2
ot C == ==awaa= ERROR TOU LAWOE KUTMERS)J j
. 9l WRITE(61%2)]+T+ERRORIHC KUTMERB4 ;
, 92 FORMAT (/184 FUR EQUATION NO, [2427ms THE RELATIVE ERROR AT T m 4 KUTMERAS ‘
‘ . £19:8) 4H 1S 4E18,8+13H STEP SI2E = 4£18,8) KUTMERBS !
; FIRST a 2, KUTMERB? i
. RETURN KUTMERAS j
C @« ®w+ooew=e HALVE INTERVAL KYTMERSY H
[ 93 HC = HC/2. KUTMERDO i
IPLOC = 281PLUC KUTMERD) i
LOC & 2% U¢ KUTHMERD2 !
NCX = MC KUTMERD |
WRITE(2+717) Ty 1+ERRORYHC KUTMERS4
710 FORMAT (/BH TIME = (F10,3:5Xs26HHALYE INTERVAL, EGQUATION 413, KUTHERSS
o3 HAS EROOR = (E16,8,6X017H STEP SIZE NOW = LELI5,.8) KUTMERDS N
WRITE (2e727) NAM24{YZ2{J) yJs],ND) RUTMERS?
WRITE(2,720) NAMLy (¥]{J) yJs]sND) KUTMERSS 4
720 FORMAT( 2X.A2 7 3(10£13.5/7)) KUTMERS9 :
00 10 30 KUTMEL 00 ' {
1
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Co=ccwoeoee TEST IF INTEMVAL LENGTW CAN BE DUUBLED KutMEl0)
100 1IrF (cnauaosa.-cﬂsttl)' 11041104101 KUTMEL 02
iol INC » KUTMEL 0]
119 CONTINUh KUTMEL 04

Coe*coweassan UPDATE 1 AND SOLUTIUN KUTHEL DS
111 7 & TenC KUTMEL 06

DO 112 I=i,ND KUTMEL 07

112 YO () = YR1) KUTMEL OB
Cevecaceaoesec OFET SOLUTION IN NEXT INTERVAL KUTMEL 09
LOC 2 LUCe) KUTMELL0

IF (LOUC-1PLOC) 12042104210 KUTMEL L)

120 LFPCINC)RL0,130,210 KUTMEL 2
138 IF (LOC=(LOC/2)92) 210,140,210 KUTME113
160 IF(1PLOC1)21D 210,200 KUTMEL L&

Cecooeceneee DOUBLE INTEAVAL LENGTH' KYTHELLS

200 HMC = 2,9HC RUTMEL LS
LOC = LUC /2 KUTMELL?
1PLOC = 1PLOC/2 KUTHEL LS

210 IF(IPLOCALNG) 30,329,30 KUTMEL LS

129 GWACL ®» FO(2)=XACCLOFO(I) KUTMEL 20
COACL = FO(2) RUTMEL 2]
RETURN ryTHglize
END KUTMEL1 )
END RUTHMEL 24
SUBROUTINE DAYR(TIME X gANS) UAUX 2

¢ LAUX 3

¢ Ting TIME AT WNICH SYSTEM |8 TO BE EVALUATED OAUX &

¢ X STATE VECTOR Daux S8

c RAS THE RIGHT HAND SIUE UF THE EQUATION S = F A DAUX &

¢ DAUX 7

REAL KAR baux 8

REAL TAIT (MR oMAJMASSINCOINL sNyMMAX UAUX 9
INTEOER ENNPTINME OAUX 10
OEMENSIUN £ (6) oRMS (D) oF (Jol) oA (I03) s INDEX (D) DTV S B

. R(120),V(120)40(120) gaux }z

AUK 13

conno~ /SHIP/ MASSCINT ¢QACEVCE21CEIJDMULEDMU(EROMULEIUMUBF (BNM,DAUR 14
NLsFLoTALL (120) DAUX 18

* coMmoN /CUNST/ NCGECOsPT JOPRIAPDIORAVTY ¢RHO K4 NUMIMA (120)4C0TAs DAUX 16

° Bl29)+BETASHWIL20) o T2 URAO oW o XD T4 XP M, 1T, CAUR 17

o OFLTAS (X oEST(120) ¢CoROWMAR MMAX(1.0) ¢ TEST(120) DAUX 18
N(120) JPHALF DAUX 19

*COMMON /IN/ AM(120),8) (120) ,VELIN LAUX 20
COMMON ZUUY /NPRINT JNPLOToEND VALK 21
COMMON /SEAWAVE/ START,RISE,RAMP UAUX 22
COMMON /4AVE/ RyPT(120) o TMAG2wMA L MAS 2 LuMA ¢ 2uWEMA s 22WMALECMAZ, LAUX 23

. 2wONT (120) VAUX 24

VAUX 28

RAMP & WMP (TIME,START,RISE) UAUR 26

PIM = Pls2, DAUX 27

CT = CoTINME VAUR 28

X6 = CUSIY(8)) uAUX 29

SX& = YIN(X(8)) VAUK 30
CooovonalEY VALURS UF MA AND 8 Oaux 31
00 78 sl NUM VAUK 32

PT(L) ® (X(e)oE(L)OCXOIN(I)®8ABSCT) OK OAUK 33

RUI) & RUSCOS(PT(L))ORAMP LDAUX 34

Co® o800 e COMPUIE HW SUBMERUENCE OF A POINT AND R THE WAVE LAUX 38
¢ HE(T) IS IN THE TIAED COOPUINATE SYSTEM LDAUX 38
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]
He(l) n X(g)=E(l)oSR6eN(I)OCRO=R(]) VAUX 237
IP(hW(l),0T,0) GO TO 6% UAUK 3
¢ CRAFT 1§ NOT SUHMERGED DAUX 3§
Atl) » 0, VAUX &0 :
ol 1)e0, VAUX 4] 3
THINT DAUX 42 3
60 10 75 VAUX 63 :
63 V(1) = =ROKSSIN(PT(])) *RAMP VAUK 44 3
D(I) = MW(l)Z7(CRE=V(])®8X0) VAUX 48 p
¢ OD(1) 1s IN THE BUDY AXIS SYSTEM AND 13 THL SUBMERUENCE VAUR 48 1
1P (D(1)«OE,TEST(I)) GO TV 70 VAUX &7 4
¢ CRAFT 18 PARTLY SUBMEROEL VAUR o8 .
Bl = O(1)e(le/TA)OPIN VAUR &9 L
B1(I) ® D(T)®() /TA)OPLN VAUR 80 L
MA(I) = KAROPHALFOR([)®B(]) VAUX %1 S
60 10 1% VAUX 52 :
¢ CHINE 1S IMMERSED VAUR 83
c 6] ARRAY IS USED FOR TME INTEQRALS OVER THE PORTION DAUX Sé S
c OF THE HULL FOR wHICH THE CHINE 1§ NUT IMMERSED ODAUX 8% oo
70 MA(1)mMMAX(]) VAUK 86 .
CYRIEI LIRS VAUX 57
wi(l)=p, DAUX S8 -
78 CONTINUE VAUX 89 3
IF (NPRINT,LY,4) GO TO 8% LDAUX 60 L
WRITE(6+74)TIME OAUX 61
76 FORMAT(" TIME » “\F10,4) OAUK 62 i
WRITE(8+76) 1X(I)slmly6) DAUX 63
WRITE(8077) (R(I)oIn)yNUM) VAUX 64
WRITE (6+78) (MW(L) eI8])oNUM) UAUR &8 .
WRITE (6.79) { B(l)olndoNUM) UAUK &8
WRITE (648°) (V(I)olulyNUM) DAUX &7 o
WRITE (6,81) (D(1) 1) 4NUM) OAUX 68 R
WRITE(6+82) (MALI) o Im]yNUM) DAUX 69
76 FORMAT (" X (1) “e@(2XsE1R:6)) DAUX 70
77 FORMAT (4 R(I)We1QFL0,4) DAUR 7]
TH FORMAT (1 HN(1)"e10F10,4) DAUX T2
T9 FORMAT (" A(1)%"y10F10,4) VAUK 73
80 FORMAT (" v(1)4y}0F10.4) DAux T4
81 FORMAT (1" N(1)"130F10,6) DAUKR 78
82 FORMAT(" MA(I) “yl0F10.4) VAUX 76 3
8% CONTINUE VAUX 77
¢ VAUX 78
C oo o 00 o o CUMPUTES NL AND FL ANU THE ASSOCIATED INTVEROALS VAUX 79
CALL FUNCT(X) DAyx 60 4
(o OAux 81
IF (NPRINT,LT,4100 10 17 DAUX 82
WRITE (6413) TXFLyDRAGT2oWyNLXDTHXP vAaux 83 :
18 FORMAT (" 1,10E12,6) DAUK 86 !
17 CONTINUE DAUX 8% i
Co®e o no o cOMPUTE THE F VECTOR VAUX 86 .
Filyl) = tnorL-sxe«onAOOCxe Daux 87
Fllel)em0,0 UAUX 88
F(2s1) ® TZ+PLOCAO+DRAGOSXS oy DAUX @89 ©
F(3e1)aNL=NRAGHXDeTOXP DAUX 90 T
IF (NPRINT,LT,3100 10 18 VAUX 91 Do
inlﬂi(hlm(Nlolhl-hl) UAUX 92 =
16 CONTINUE DAUX 9) 2
C o ® 60 o oo COMPUTE THE A MATARIX DAUX 94 El
Afled) ® MsMASSESXAOSXS DAUX 9% b
3
3
S8

- e e =
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. . A(1+2) = MASSPSXEOCKE DAUX 96
% AlL4d) = «nA®3X6 DAUX 97 K.
SO Alls2) = o. oAUX 98 i
Dok A(143) = DAUX 99 3
i A(z.l)-A(l.Z) UAUX 100
i3 A(212) ® MeMASSPCREOCKS vAUX 101
a4 A(2+)) = =ASCXE vaux 102
) A(Jyl)wA(l o) OAuX 103
Rk A(3+2)WA(2,)) VAUX 104
A{3v3)a]TerA VAUX 108 E
IF (NPRINTLT.3100 10 29 QAUX 106 :
3 WRITE (6+12) (A(1ed)olu)e D) Oaux 107 ke
R WRITE(8+13) (AL142)41m14I) Oaux 108 k-
e WRITE (80101 (A{T143) 4181, 0) OAUK 109 -
g Co® o o0 0 o INVERT THE A MATRIX VAUK 110 #
¥ 2% CALL MATINS(A93434F¢1s)sDETERM TV INOEX) LAUX 111 3
g IFLINLEQ. 2)WRITE (64268) VAUX |32 R
e 26 FORMAT (" MATRIX IS SINOGULAW ") VAUX 113 ]
Jias. Cosnoeep ON RETURN WILL CONTAIN THE INVERSE HAYRlx OAUX 116 :
K ¢ 1082 MATRIA 1S SINGULAR DAUX 118
p c o] INVERSE wAS FOUND DAUX 116 A
Y c uaux 117 3
" Co®® oo o e COMPUTE THE RIGHT NANU SIDE UAUX 118 K
&A. RHS(L) = F(lsl) Oaur 119§ 3
Y RHS(2) & F(24]) UAUX 120 3
¥l RMS(3) & Fidvl) oAux 121 3
bl AHS(L) n 0,0 VAUX 122 ¥
F:, RHS (4) ® X(1) DAUX 123 -
b RHS(3) ® X(2) DAUX 124 3
(L RHS(6) & X() UAux 128
b 10 FORMAT("Y  F(lyl) "yd12K4€12,4)) VAUX 126
F¢; 12 PORMAT("  A(Lsl) "y3(2KeE12,6)) VAUX 127
¥ 13 FORMAT ("™  A(192) "y2(2X4E12.4)) DAUX 128 -
Fe 16 FORMAT ("  A(led) "y3(2X4EN2,0)) DAUX 129 B
" 39 IF (NPRINT(LT.2) GO0 TO 40 DAUX 130 )/
b . uth!(Som (AfLyl)oleled) UAUX 131 E,
¥l WAITE(6413) (A(l42)4]u)yd) DAUX 132 !
P WRITE(6914) (A(143)9a1u]s]) UAUX 133 1
F. WRITE(8+3%) (RRS(1)sIn)e8) DAUX 134
Lo 35 FORMAT("  RMS(I) “e8(2XsE12,6)) VAUK 135
| 40 CONTINUE VAUX 136
Lo RETURN DAux 137
' END vAUX 138
: SUHROUTINE FUNCT (X) FUNCT 2
REAL KAR FUNCT 23
REAL IAsIAAGIPART 4K JKPT ¢MAJMASS ¢NLyNCG oI T ¢MoMMAK 4N FUNCT &
INTEGER END FUNCT §
; DIMENSIUN TPART(120)+C1(120)4C2(120), FUNCT &
, ' N1(120)+02(120)s03(120) su@(120)40B(120)¢D8(120) FUNCT 7
; . QPART (120) 121 {120)422(120)1+£3()20)+26(120)+25(120) FUNCT 8
; . 26(120)427(120) FUNCT 9
’ W2 (6) yVHMAA(120) FUNCT 10
| FUNCT 1)
g conno~ /SHIP/ MASS,CINTQAsCEICER9CED 4 NMUIEOMUYE2DMUIEIUMUIBF yBMMoFUNCT 12
4 NLyFLyTASE (120) FUNCT 12
! *COMMON /CUNST/ NCOLECO+P11DPRYA3D4GRAVTY sRHO, KeNUMIMA (120) 4CNTAY fuucv 14 4
; . 8(120)oBlTAoHU(l?O)oTZpUHAUOiQIOQTclP MelTy FUNCT 19 .
i . DELTAS ) TX)EST(120) 4CoRUIRARIMMAX (1 0) 4 TEST (120}, FUNCT 16 {
! N N1120) JPHALS FUNCT 17 3
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J
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i

COMMON 71N/ BM(120) 481 (120) VELIN FUNCT 18
COMMON/UUT /NPRINT yNPLQT END FUNCT 19
COMMON /WAVE/ R(120) sPT (120) ¢2MAo2ZWMA JEMAS \ ZZuMA o ZWEMA , 22uMA,EZMAZFUNCT 20
+2900T (120) FUNCT 2}
COMMON /INTER/ 11,KTT(10)+DIFF(10) FUNCT 22
COMMON /SEAWAVE/ STARTRISE,RAMP FUNCT 23
CONMON /TEST/ VMA FUNCT 26
0 0 0 0 s e o INITIALIZE INTEGRAL SUMS FUNCT 25
MASS = 0,0 FUNCT 26
aa = 0,0 FUNCT 27
Ia = 0,0 FUNCY 20
cE = 0,0 : FUNCT 29
CE2 = 0.0 FUNCT 30
oMy = 0,0 FUNCT 31
€0My=0,0 FUNCT 22
€20My = 0,0 FUNCT 3) :
EI0MY » 0,0 FUNCT o a
oF = 0,0 FUNCY 1S ' 1
BMM = 9,0 FUNCT 36 -
IMA ® 0,0 FUNCT 37 ¥
TuMA » 0,0 FUNCT )8 K
EMAS = 0,0 FUNCT 29 E
22wMA = 0,0 FUNCT 40 3
2WEMA 3 0,9 FUNCT 4l 7
22wMA = 0 N FUNCY 42 1
C2MAZ = 0,0 FUNCT 43 [
VPART o X{1)®SINIX(6)) eX(2)8CUS(N(B)) FUNCT &4 A
a6 » SIN(x(S)) FUNCT 48
CX& = CUS(X(8)) FUNCT &6
wo = Kx8C FUNCT 47 : Ir
® 9 o o oo SET UP THE PUNCTIUNS FOR THE INTEORALS  (PAGE 4 OF NOFUNCT 48 E
00 90 IsloNuM FUNCT &9 )
IPART (1) mE (1) *E () oMA(]) FUNCY 50 i
QPART (1) g (1) *MA(]) FUNCT 81 . i
V00T (1) » =RUSWOCSIN(PT (1)) onANP FUNCY 82 :
U s X{1)eCaa=X(2)*8X4+2w0UT(])*8Ke FUNCT 83 b
VEL s VPART=X ()€ (])=2W0UT (1) *CRS FUNCT 84 ) e
Z1(1) = MA(])*Zw0OT (1) FUNCT 58
Z2(1) » «Ma(1)eCOS(PT (1)) PRAMP FUNCT 86 ,
23(1) = E(1)922(]) FUNCT 87
26D = ELTIO2NLD) FUNCT 88 1
I8(1) & uegtl) FUNCT $9 :
26(1) = E(1)928(]) FUNCT &0 3
27(1) « MA(l)evELOU FUNCT 61 i
IF (VELJLE,O0,) OO 10 &0 FUNCT 62 i
If (R1(1),LE.0.0) 0O 7O 50 FUNCT 63 !
DRDT = ZwDOT(b)e(x(l)sCoxid)e(N(1)oCRO=E(])®SX6))/C FUNCT 64
01(1) = VEL®BL(1)®(X{2) =X (3} @ (CXOOE(]) «SAGEN(I)) =0RDT) FUNCT 4%
60 10 sl FUNCT 66 .
ol1() = 0, FUNCT &7 :
CONTINUE FUNCT 68
02(1) s E(1)0M (D) FUNCT 69 i
Cl(l) = VELOVEL®B(]) FUNCT 70
EthreCl(l) FUNCT 7]
FUNCT T2
0. FUNCT 73
0. 'UNC' 7‘0 1
0. FUNCT 75 :
Os FUNCT 76 !

-
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BEST AVAILABLE COPY

! - 61 CONTINUE FUNCT 77
3 DI(I) = 22(1)*VEL FUNCT 78 1
= ¥ Duf(l) = E(1)®03(]) FUNCT 79 E
'y PIn s Pl/2, FUNCT 80 E
;-.§I L0S(I) = B(I)I®(MU(1)=B(1)OTAL2,) FUNCT 8]
3! 66 061(1) = OS(I)®E(])e,5 FUNCT 82
- 90 CONTINUE FUNCT 83
g RHOGRF.HUSGHAYTY FUNCT B84
LY Ce® o e 0o e o SET UP THE FUNCTIONS FUR THE INTEGRALS (PAGE § UF NOTES)FUNCT 85
"y PIN = Pl/2, FUNCY 86
‘31 XP]l » KAR#P] FUNCT 87
> ¢  EVALUATE INTEGRALS USING TRAP METHOU FUNCT 88
1 121 FUNCT 89
& INDEX = ) FUNCY S0
o 91 CALL TRAP(MA{INDEX) 4OIFF (1) KTT(I) o THASS) FUNCT 91
e CALL TRAP(NPART(INDEX) osOLFF (1) oKTT (1) QA1) FUNCY 92
: { CALL TRAP (CLUINDEX) DIFF (1) oKTT (1) 0 CEA) FUNCT 92
Y CALL TRAP(C2(INOEX) +DIFF (1) oXTT(1)+CE2A) FUNCY 94
v CALL TRAP (IPART (ENDEX) oOIFF (1) 9KTT (1) o1AN) FUNCT 65
= CALL TRAP (DL (INDEX) yOFFF (1) oXTT (1) 4 UMUA) FUNCT 96
i CALL TRAP(N2(INDEX)\DIFF (1) 4KTT (1) ¢+EOMUA) FUNCT 97
F CALL TRAP(NI(INOEX) +OIFF (1) ,KTT (1) +E20MUA} FUNCT 98
* CALL TRAP (NG (INDEX) yOLIFF (1) oXTT(])+EIOMUA) FUNCT 99
CALL TRAP(DS(INDEX) sO1FF (1) oKTT([)ebFA) FUNCTIO00
P CALL TRAP (NG (INDEX) oDIFF (L) ¢KTT (1) oMMA) FUNCTIOI
ERY: CALL TRAP (21 (INDEX) oDIFF (1) 4KTT{1)s2ZMAA) FUNCTIO2
; CALL TRAP(Z2(INDEX) JDIFF (1) oKTT (1) s 2wMAA) FUNCTIO0)
CALL TRAP(2I(INDEX) 4OLFF (1) 4XTT (1) 9EMASA) FUNCT106
CALL TRAP (24 (INDEX) JDIFF (1) yKTT (1) o 22wMAA) FUNCTI105
CALL TRAP(ZS(INDEX) +OIFF (1) yKTT (1) +ZWEMAA) FUNCTIO06
CALL TRAP (26 (INDEX) 4OLIFF (1) oXTT (1) 9sZ2uMAA} FUNCTLIO?
CALL TRAP(7T(INDER) DIFF (1) KTV (1) +E2MAZA)} FUNCTLIOB
r (o FUNCTLIO09
1 93 CONTINUE FUNCT110
MASS & MASS o THASS FUNCTILI
GA = QA + QA FUNCTI)2
: IA = 1A o TAA FUNCTLLI
; CE = CE « CEA FUNCTL 14
CE2 = €2 o CE2A FUNCTIIS
DMU = DMy o DMUA FUNCTI)®
E EDMU = EDMii « EDMUA FUNCTLL?
o E20MY = E2NMU + E2DMUA FUNCTLL®
. €3IDMU = EINMU ¢ EIDMUA FUNCTILY
8F = BF « oHUOG*BFA FUNCTL20
] BMM = MM+ RHOGBMMA FUNCTI2]
: IMA = ZMA+ZMAA FUNCTLZ22
LUMA 3 ZwMaeZwMAA FUNCTLI2] .
€MAS @ EMASEMASA FUNCT124 1
IZWMA = Z24MA+2ZwMAA FUNCTI25 g
IWEMA & ZwFMA+ZWEMAA FUNCTI26 ;
i 22WMA 3 224MA+22WMAA FuNCTI27 ;
] E2MAZ & E2HMAZE2MA2A FunNCTl28
: 9% CONTINUE FUNCTLI29 '
IF ¢ 1,0E,11)60 YO 92 FUNCTLIO
INOEX w INNEXeKTT(1)=] FUNCTI AL
I = o} FUNCTII2
GO 10 91 FUNCTLI]
: 92 CUNTINUE FUNCTL 34
; . C FUNCTLIS
3
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c

100
121

96
97

99

BEST AVAILABLE COPY

C oo o9 o0 cALL COMPUY TO FIND THE VALUE OF NL AND FL USING
c THE VALUES OF THE AROVE INTEGRALS

CALL COMPYT (X)

IF (NPRINT
IF (NPRINY
1F (NPRINT

LT:.3) 60 70 111
«£Q.3) GO TO 108
«£Q,4)60 T0 108

WRITE(6+9T) (IPART (1) oImlyNyM)
WRITE(6+98) (QPART (1) oTulyNym)
WRITE(6+99) (CL(1)91n]eNUM)

WRITE (6]

00) (C2(I)slm]oNUM)

WRITE(6+101) (CI(1)o]n)ohNUM)
WRITE(6+102) (DL1(1)s1a)ehuUM)
WRITE(6+103) (02(1)s1a)sNuM)
WRITE(64104) (03(1),1=],NUM)
WRITE(6+108) (D6(l1)Is]lsNuM)
WRITE(6+106) (DS{I) 18] eNUM)

WRITE (601
RITE (401
WRITE (641
WRITE (641
WRITE(6+1]
WRITVE (6]
WRITE (641

12) (06{1) 1) shuM)
13) (20 (1) o Im] yNUM)
14) (22 (1) ¢ I1m] oud)
19) (23(]17 4 18] yNUN)
16) (24 (1) o Iu]l oNUM)
1R) (28 (1) o I1m]oNUM)
19) (26 (1) e Iu]9sNUM)

WRITE(61120) (27(1) ¢ In)oNUM)
WRITE(6+107)KPL 4RHOGPINM
WRITE(6+109) MASS CINToQAICEL,CERVCED
WRITE(6+121)1A

FORMAT (¢
WRITE (641
WRITE (641

FORMATY ("
FORMAT (¥
FORMAT (!
FORMAT ("
FORMAT ("
FORMAT ("
FORMAT (¥
FORMAT ("
FORMAT ("
FORMATY (*
FORMAT ("
FORMAT (*
FORMAT ("
FORMAT (¢
onCE2 v,k

IA .’tlﬂub’
10)0OMy ¢EDMU 4 E20MU ¢ EIVMY o BF o BMM
17)ZMA o ZWMAQEMAS y Z2WMA ¢ ZWEMA , 22WMA » ERHAZ

C ® 0 20806 00060 F0RMATS © 0 0 0 06 000 00 o0

CPART (1)"y10(2X4E10.44))
IPART (1) %510(2X+E1044))
OPART (1)1510(201E1004))

(4] "y10(2X+E)040))
c2 "y10(2X4E1044))
(0% } "y 10(2%0810,4))
nl Wl 0(2X.EN0eb))
n2 "y 10(2X4E)00%))
nl NWelO(2XeEN0ei))
Ne 1310 (219EL10.4))
ns Ne10(2XsE10.4))
neé Mo 0(2X0E10:4))

KPHI "“9E10:4+"RHUC "+E10e4s" PHIN "oELO&)
MASS "sELD.b o™ CINT "sEL0ato® QA "yF10s4¢" CE "sE10a6s
0.6+ CEI nyE€10.4)

r 110 FORMAT (it DMU *9E10449% EDMU “9ELQo4s% E20MU #eE)0s4 0" EIDMU 4,

of10,.40" B
FORMAY (4M
FORMAT (4%
FORMAT (on
FORMAT (&M
PORMAT (4K
FORMAT (oM
FORMAT (M
FORMAT (5H

. ™

F o ELO0,be" BMM "oE]10,4)

21 110(2XsE10441)

22 +10(2%4€1044))

23 +10(2X+E1044))

26 +10(2X9€10,.4))

28 +10(2X,810,4))

26 +10(2X,E10,4))

27 s10(2%E10,4))

Z"‘ .GIO.Q.OH ZUM‘ 05‘00“!6“ ENAS 05‘00"
L2WMA ZE10,6,TH ZWEMA JEL10,4,7H 22wMA 4E10,6,
TH C2MA2 +E10,4)

62
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FUNCT1 I8
FUNCTLID?
FUNCT1IB
FUNCT1 IO
FUNCTL140
FUNCT 14}
FUNCT142
FUNCT1&)
FUNCT164
FUNCT145
FUNCT 146
FUNCT14?
FUNCT1 48
FUNCT169
FUNCTISO
FUNCT1S)
FUNCTIS2
FUNCT]S)
FUNCTISG
FUNCT1SS
FUNCT1S6
FUNCT1S?
FUNCT]1S8
FUNCT1%9
FUNCT160
FUNCTI1S])
FUNCTI182
FUNCT1S&)
FUNCT1 64
FUNCT16S
FUNCTL 66
FUNCTI &Y
FUNCT168
FUNCT1 69
FUNCT170
FUNCTLT)
FUNCTLT72
FUNCTIT)
FUNCT174
FUNCTITS
FUNCT1 76
FUNCTLIT?
FUNCTI TS
FUNCT1T79
FUNCT180
FUNCT18]
FUNCT1B2
FUNCTI1B3
FUNCT184
FUNCTLAS
FUNCT186
FUNCT187?
FUNCT188
FUNCT189
FUNCT190
FUNCT1®]
FUNCT192
FUNCT19)
FUNCT1Se

U 2k i




BEST AVAILABLE COPY

111 CONTINUE FUNCTI9S
RE TURN FUNCT196
ENO FUNCT197
SUBROUTINE CUMPUT(X) COMPUT 2
DIMENSIUN X (6) COMPUT 3
REAL KARsKO] COMPUT &
REAL NLIMASS NCOIMoIToIAKo MAIMMAX N . CONPUT S
INTEGER END COMPUT &
c COMPUT 7
COMMON /SHIP/ MASS,CINTQA¢CECE29CEDyDMUI¢EOMUC2UMUSEIVMULBF ,BMM,COMNPLT B
NLoFLyIALE(120) COMPUT 9
CONHON /CONST/ NCGoECUPIIOPRIRPUsGRAVTY sRHUKyNUMyMA {120)4CDyTAy COMPYTIO
° B(120)9BETA MW (120) ¢ TZ4DRAG W XD Ty XPyMyIT, conPyrll
. DELTAS TXsEST{120) 4CoROWKARyMMAX(L 0) s TEST(120) CONPUTI2
N(120) ¢PHALF CONPUTLY)
COHNON/OUT/NPRINY'NPLOYoEND COMPUT] &
COMMON /TEPMS/ T1oT20T30T40T8¢T64T7,78 CoMPUTIS
COMMON /WAVE/Z R(120) JPT(120) 9 ZMAsLWMALEMAS s ZZWMA 4 ZWEMA . 22WMA 4 COMPUTIS
. E2MAZ,2w0DOT (120) cCOMPUTI?
COMMON /TEST/ VMA COMPUTIS
¢ COMPUTI®
c COMPUT20
Cxé ® CUS(X(6)) ComMPyT2]
$x6 & SIN(X(6)) coMPUT22
w0 = KoC CoOMPUT2Y
PIH = PL1/2,0 COMPUT24
KPI = KAR®R] COmMPUT2S
CONS]1 = RO®WO®wOeCXs CoOMPUT26
CONS2 s (KDIORMU®PIN/TA)/CXé CoMPYT2?
CONSI = AUSWOSKECXOOSXS coMPyT28
CONS4 » ROSWOEKECXKOHECHS COMPYTRY
TERML ® x(1)eCxé COMPUTIO
TERMZ » X(P)*SX6 COMPUTIL
UVNUM 8 (X())9CK&=(X(2)=ZNDOT(NUM))#SA6)® CONPUTI2
. {X(1)®8KE=K (I} #E (NUM) ¢ (X (2) ~ZWDUT (NUM) ) #CX8) COMPUT3)
c COMPYTI4
: ZNA & ZMA®X (3)e5K6 COMPYTIS
22WMA = ZZuMA®X (D) *5XS COMPUTIS
IWMA = ZWMARCUNSL COMPUTI?
EMAS » EMASHCUNSI COMPUTID
OMU = DMUSCONS2 COMPUTIO
EOMU = EDMUSCUNS2 COMPUT&O
CE = CEOCOeRMU COMPUT4 )
CE2 = CE2eCDORNO COMPUT42
€20MU = E2NMUSCONS) COMPUT4]
€30MU = E3INMUSCONS) COMPUT&G
ZWEMA » ZWEMA®CUNS4 COMPUT4S 1
Z2WMA = 22wMA®COUNS4 COMPUT4b
¢ COMPUTA?
20 71 & QA®X(3)*{TEAMI=TERM2) COMPUT48
TL = T] o 2ZwMA = EMAS CONPYUT4S }
- 12 = EOMU COMPYTSO P
t 73 & L2 COMPUTSI
ko T6 = MA(NUM) O (NUM) SUVNUM o E2MAZ o E3DMU = Z2WMA o BMM COMPUTS2
NL ® T] ¢ T2 ¢ T3 ¢ Tk ¢ BMM COMPUTS)
‘ TS = MASS®X(3)®/TERMZ=-TERM]) COMPUTSG 3
TS a 18 o ZwMA = 2MA COMPUTSS
76 » =DMU COMPUTS6
. 17 = oCE COMPUTST

W xOT T T AT

63




BEST AVAILABLE COPY

o TB & <MA (N M) SUYNUM = F20MU o 2WEMA COMPYTSS
: 8F = BF/Cxa COMPYTS9
5 COMPUTS0
FLOTSeT64T7eT8-8F COMPUTS )
COMPUTSR
IF (NPRINT,LTY,3)00 TO 30 COMPUTS)
25 CONTINUE COMPUTSS ,
WRIYE (8¢10)NL FL COMPUTSS ~
19 FORMAT (' NL = W 4B12,69" FL = n,€12,6) COMPUTES :
30 RETURN COMPYTS? 3
END COMPYTAS :
SUBROUTINE INPYT INeyY 2 i
Coe e o0 00 o DEFINITION OF INPUY VARIABLES INbYT ) 2
¢ XA ® INITIAL TIME INPYY & i
d c A€ = FINAL TIME INPYY &
i ¢ MMIN ® MINTMUM STEP SI2E INPYY &
¢ HMAX = MAXTMUM STEP S12€ INPYY 7
¢ EPSE = RELATIVE ERROR CRITERIUN USED FOR VALUES OF Y OT A INPYT 8
¢ (Ps s ERRUR CRITERION IN KUTMER INPYT 9
¢ ® ABSOLUTE ERROR CRITERIA USED IN KUTMER INPUT 10
¢ NPnlN . l FINAL PRINTUUT INPYY 1)
¢ = 2 MATRIX INVERSE MATRIX¢F COLUMN MATRIX,AND KUTMER INPUT 12
¢ RESULTS INPUY 13
¢ s 3 INTEORAL VALUES INPUT 14
¢ s & CALCULATED VALu!s-c0N31AN1 FOR OIVEN INPUT VALUES INPUT 18
¢ NPLOT = 0  NO PLOT INPUT |6
¢ s | PRINTER PLOT Ineuy 17
¢ END = NUMBER OF RUNS INPUT 18
¢ INPUTY 19
(3 M = MASS OF CRAFY INPUTY 20
3 ¢ W = WEIGHT OF CRAFT INPyY 21
; ¢ T2 » THRIST COMPONENT IN 2 UIRECTION INPYT 22
. (o X = THRGT COMPONENT IN x DIRRCTION INPUT 23
- c AECO = DISTANCE FROM CG 10 ct~t£n UF PRESSURE FOR NURMAL FURCE INPUT 24
% c XP = MOMFNT ARM OF PROPELLER TrRUST INPUT 28
;- c AD = DISTANCE FROM CC TO CENTER UF PRESSURE FOR ORAG FURCE INPYT 26
Eon ¢ KA(I)m ADDED MASS COEFFICIENY INPYT 27
i (3 AN ARRAY GIVEN THE VALUE KAR wrMICH IS READ IN INPUT 28
! ¢ OM(1) s BEAM AT FREE SURFACE UR AT CHINE INPUT 29
] ¢ ORAG = FRICTIUN DRAO INPUT 30
; ¢ K » WAVE NUMBER INPUT 31
¥ ¢ RO = wAVE WEIGMT INPUT J2
. (o NU o wAVF SLOPE INPUT 33
' ¢ NUM = NUMRER OF STATIONS INPUT 36
c 8L ® BOAT LENQGTM INPUT 35
¢ LAMBDA s wavE LENGTN INPUT 36
¢ RO = RADIUS UF GENERATION IN FEEY INPUT 37
¢ T = PROPELLED THRUST IN LBS INPYT 238
: c 0AMMA & PRNPELLER THRUST ANGLE IN UEOREELS INPUT 239
: ¢ DELTASeSTATION SPACING IN FEEY INPUT &0
: c €CO = LONGITUOINAL CENTER OF ORAVITY INPUT @)
: ¢ NCO = VE-TICAL CO INPUT 42
| c BETA(I) = DEAD RISE INPUT 43
P! c NO(I) = HEIOWT OF MEAN BUTTOCK INPUT 46
b c RHO = DENSLITY OF WATER INPUT 48
‘ ¢ GRAVTY © GoAVITY FT/SECHe? INPUT 46
F ¢ OPR o DEGSEES PER RADIAN INPUT &7
{ ¢ RPD = RATIANS PER OEOREE INPUT 48
: [« Pl  2,141%9 4 4 & ¢ o o INPUT 49 .
}F ]
-
b
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c
c
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C
c
C
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BEST AVAILABLE COPY

EST(I) ® STATION POSITION _
START = START TIME OF THE RAMP FUNCTLUN FOR SEA wAVE
RISE = DURATIUN OF TME RISE FROM ZERO TO UNE OF THE RAMP

e ® o e 000 0 IC OPTIONS

1C(1) =l USE wAVE Z DISTANCE IN CUMPUTING LIFT COMPONENT
OF NL ANO FL

REAL L1748 LAMBOA ¢MoMAMMAR G NUSN(NCOINUyMASS ) NLy 1A KAR
INTEGER ENN

COMMON ZCONST/Z NGOIECO 4P oOPRyRPOIORAVTY JRIMO oK oNUMMA (120) 9CDsTAy
» B(120) BETA MW (120) 4 T2, 0RAGIWIXDoToXP My 1T,
4 O(LTlSo{:a!S;(ltg)aCoROoNAR.HMAl(l*O)ot!ST(l!O)o

Nt ) oPHA
*COMMON /SHIP/ MASSCINT s 0AsCE »CERCEDDMYEOMU,E2OMU2EIDMU,BF JBMM,
. NLoFL TAGE(120)
COMMON ZIN/ BM{120) ¢81{120) ¢VELIN
COMMON Z1N27 NO(120) ¢XASREyHMAKyHMINsA (6) +EPSE (6) s LAMBDA
COMMON/VUT /NPRINT (NPLOT 4 END
COMMON /ACCEL/Z XACOL ¢BWACL «COACL puUL

NAMEL 18T /HP/ANPRINT JNPLUT 4ENDyWoHLy TZoTX XECOW APy ROy
. URAG¢RO» T+ GAMMA 4ECUINCG s KAR RO ¢ LAMBOA ¢ NUMBETALEST
' s XA¢AE yMMIN ¢ HMAX JEPS s VEL IN

DATA A /7,01 00°°°l 00000010.. 0.900"090005/

DATA NPRINT NPLUT,END/Lelol/

DATA weBLyT2ZoTXIXECO AP ¢ X0 oDRAGyRUSLAMBUA ) RG o T o GAMMA 4

. ECOINROIKAR Z18,03,759600,0040416022,514956214%0,0,
[ ] 2.325.0.0;1.0/

OATA NUMBETAVEST 77742040y
0,0000,,03125,,082504,09375,,125009.15625,,187504421875,
029000,,201250,312504436375,,37500,,60625,.,437504,46875,
«50000,,53128,,56250.59375,,062500,,6%5625,,6875,,71875,
«78000¢,781250.812504.86375,,875004,90625,,937504,5687%5,1,000,
1,06250,1,12500,1,187%041,2500091,3125,1,37500,1,4378,

180001 ,562%,1,625,1,6878,1,7%,1,8125,1,u75,1,9375,2,09
2.,0029,2,125,2,1875,2,25,2,312542,375,2,6375,2:5+2,5629+2,062%,
2.60750’.75.2.5]25.2.5750020937503.003.002503.12503.15750
3,250043,312% ,3,378,3,637543,5,3,5625,3,625,3,6875,3,75 /
DATA XAWXE HMINHMAX JFPS #0,0020404 00250614415/
DATA VELIN /19,82/

o ® o ¢ 9 o o » READ IN AND wRITE OUT RUTMER PARAMETERS AND PROGRAM
OPTIUNS
READ (5,nSP)
WRITE (641SP)
00 10 1s]1,a
10 EPSEL]) = FPS

e © o 0 s 00 0 SET UP CONSTANTS
Pl = 3,141592653589
GRAVTY«l2,18
DPR=%7,295779511308
RPD= 017453292519

oo EAaArYyOSSEeCS

INPUY
INPUT
INPUT
INPUTY
INPUT
INPUT
INPYT
INPUT
INPYTY
INPUT
INPYT
InPyT
INPUT
INPUT
INPUY
INPYY
INPUT
INPYT
INPUT
INPUT
INPUY
INPUT
INPUT
INPUT
INPYY
INPUT
INPUT
INPUY
INPUT
INPUY
INPUT
INPUY
INPUTY
INPUT
INPYUT
INPUY
INPUY
INPUT
INPUT
INPUTY
INPUY
INPUTY
INPUY
INPUT
INPUT
INPUT
INPUT
INPUY
INPUT
INPUT

99

INPUTL00
INPUTIOL
INPUTIO2
INPUTIO0D
INPUTIO0G
INPUTLO0S
INPUTIO0®
INPUTIO?
INPUTIOB

i i S

i A e el kDAL Vi AL

ERORIY

7
i




IF (EST(NUM) LT,3,75) STOP 3
COMPUTE NO AND AM ARRAYS

00 32 Is1,NyM
IF(EST(1) ,0E.0,75) GO VU 30
NO(T)me0obn8789 (), 0=SART(EST(1)/0.378=(EST(1)/0,75)®¢2,0))
BM(I)m J7S08QRT (140 (EST(])/,78=}.)802,0)
Q0 10 32

; 30 NO(I)=0.0

} 32 CONTINUE

: CoeaonaaCOMPUTE ~ONSTANTS AND INITIALI2E ARRAYS
MeW/GRAVTY
RHO=] .99

: : 1TeMeRO*RO

4 : K & 2,001/LAMBDA

v CeSORT (ORAVTY/K)
4 NUsRQ®K
‘ PHALF « (P1/2,)*RWHO

(e Xel2)

8ETA ® BETA®RPD
CO = COS(BFTA)
TA = TAN(BETA)
00 60 1sl.NUM
€{I) = ECO-EST(I)
N{I) = NCGsNO(1)
MMAL (1) ® KARSPHALFOBM (1) *8M (1)
TEST(1) = (2.,%8M(1)eTA) /P1
60 CONTINUE
END=END+ 1
RETURN
END
SUBROUTINE PLUTER (FX4XAsHMAX JLAMBUA + 18 NWAVE 4 IPT)

INPUTS

Fx A TWO OIMENSIONAL ARKAY CONTAINING PLITCH AND
HEAVE VALUES AT LACH TIME STEP

XA INITIAL YIME

HMAX TIME INTERVAL, PTIME®HMAX & INTERVAL BETWEEN
Fx VALUES

LAMBDA WAVELENOTH USED IN CALCULATING PITCH AND
HEAVE RATIOES

18 NUMBER OF FX VALUES

NwAVE START OF VALUES AFTER wAVE IS COMPLETELY ON

LR S L g BT <
g AT e Y

PPN

OCOOOOO0O00000O0O

REAL [ToKoLAMBOA M yMAMMAX 4NyNCG
INTEQER ENN

DIMENSIUN FX(2,000) FMIN(R) ,FIdAX (2) oNVAR(2)

(2]

COMMON /CONSY/ NGCOECGsPLIOPRIRPO»GRAVTY 9RNO s K o NUMyMA (120) +CDoTA,
: - B(120)sBETA MW (120} 9 T24DRAGW s XD ToXP oMy Ty
i ® DELTAS)TXLEST(120) +CoROUWKASMMAX (120) +TEST(120)
. N(120) JPHALF
COMMON/VUUT /NPRINT oNPLOT END
C
Ce® o o0 080 SET UP VALUES FOR PLOT AND CREATE PLOT

. — T T T e T
. .. -

e

66

- BEST AVAILABLE"COPY

INPUT109
INPUT11O
INPUTIIL
INPUT] )2
INPUTILD
INPUTI LG
INPUT] 1S
INPUTI 1S
INPUTI1LTY
INPUTI)A
INPUTLLS
InPUT1 20
INPUT) 2}
InPUTI 22
INPUTI 2D
INPUTL 24
INPUTL 28
INPUTL 26
INPUT] 27
INPUTL 28
INPUTL 29
INPUTL DO
INPUTLII
InPUTL 32
INPUTLIY
INPUTL 34
INPUTL S
INPUT1 36
INPUT] 37
INPUTL IS
INPUTLIY
INPUTL 40
INPUT L]
PLOTER
PLOTER
PLOTER
PLOTER
PLOTER
PLOTER
PLOTER
PLOTER 9
PLOTERILO
PLOTER1I
PLOTERL2
PLOTERLD
PLOTERLG
PLOTERLS
PLOTERLG
PLOTER]?
PLOTERIS
PLOTER]Y
PLOTERZO
PLOTER2]
PLOTER22
PLOTER2D
PLOTER24
PLOTER2S
PLOTERZ26
PLOTER2?

OB DN

v sl it
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NFUNS2
Co o oo oo e SET UP MIN AND MAX LIMITS FOR PLOT
FUINCLI®FX (Lo ])
FUIN(2)3FX(241)
FHAX(1)8FX(1+])
FMAX(2)8FX(2,])
Cooo oo oo SET UP MIN AND MAR LIMIMTS FOR ~1TCH
FHNPaF X (2,NWAVE)
FHRPSF X (24HWAVE)
FMNMSFX (1 oNWAVE)
FHRMSPX (1 oNWAVE)

00 200 1s1,18

l'('l(loi).k'-'“lﬂ(l))'NIN(l)"l(lll)

IP(PX(101) ,OToFMAX (L) IFMARLLIFR (LD

IPLPR(Re]) LY FMINC2) IFMIN(2)OF R (201)

TP (FX(201) 0T FMAX(2))FPMAX(R) PR (29])

IF(1,LENwAVEIGO TO 200

IF(PX(Lo]) LT oFHNAYPMNHRF X () [}

; lF('l(lol).OfufﬂlH)FHlHl'l(lol’

3 IF(FR(201) LT FHNP)PMNPEF X (2y1)

: 1P (PX(201) 0T FHXP)FURPuFX(2s1])

: 200 CONTINUE

i IF(IPT£Q.0) GO TO 800

£ Cet® oo o o COMPUTE RATIOLRS

; COLY » (PHXH=FMNH) 2 (2+,*RO)

: COL4 = (FMXP=FMNP) 7 ( (6, *P1#RO) /LAMBOA)

: WRITE (49700) COLIHCOLG

700 FORMAT (1M1,¥
.

RICE ]

R R

R a2t L TR

e LT s pe g e

¢
A00 CONTINUE
NVAR(1)310W MEAVE
NYAR(2) 14 PLTCH

W PITCH AMPLITUDE/ (2,0PI19WAVEHEIONT/LAMBOA)

AND HEAVE RATIO

HEAVE AMPLITUDE/WAVEREIGHT & ,E12,645/92X,

» #ofld.0)

Nla2
AORXA
OELX = MMAX
IFINPLOT B, 1) CALL PLOTRIFXFMINFMAK JNVARyNFUNNL 5 1B X0 OELX)
RETURN
END
SUBROUTINE TRAP (FoDXoNPTS+ANS)
. ¢
. C INPUTI
: ¢ r AHRAY OF FUNCTIONAL VALUES OF THE INTEGRANO
c ox THE X INTERVAL BETWEEN VALUES
c NPTS THE NUMBER OF VALUES GIVEN
C WuTPUTH
) ¢ ANS THE VALUE OF THE INTEGRAL
c
' OIMENSION F (NPTS)
b IF(NPTS,LT,2)00 TO 999
- 00 1 I=sliNPTS
- 1  ANSSANS*F (1)
[ e ANSaDX® (ANS=0:S*(F (1) oF (NPTS)))
- 999 CONTINUE
3 RETURN
a END
. v FUNCTION RMP (1,START,RISE)
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" BEST AVAILABLE COPY

HLOTER26
PLOTER29
PLOTERIO
PLOTERI]
PLOTERI2
PLOTERID
PLOTERIS
PLOTER)S
PLOTERIS
PLOTERY?
PLOTERIS
FLOTERIS
PLOTERGO
PLOTERGL
PLOTERS2
PLOTERSD
PLOTERMG
PLOTERAS
PLOTERAS
PLOTERG?
PLOTERSS
PLOTERAS
PLOTERSO
PLOTERS]
APLOTERS2
ALOTERSD
PLOTERSS
PLOTERSS
PLOTERSS
PLOTERS?
PLOTERSS
PLOTERSS
PLOTERGO
PLOTERGS)
PLOTERGR2
PLOTERSI
PLOTERSS
PLOTERSS
PLOTERGG
PLOTERS?
TRAP
TRAP
TRAP
TRAP
TRAP
TRAP
TRAP
TRAP
TRAP
TRAP
TRAP
TRAP 13
TRAP 14
TRAP 1S
TRAP 16
TRAP 17
TRAP 18
TRAP 19
RMP 2
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 BEST AVAILABLE COPY |
[ % i
'.?V:i
Ceo oo oo THIS FUNCTION IS USED TU GRADUALLY IMPLIMENT THE WAVE RMP 3
i ¢ HMP 4
R ¢ 14 CURRENT TINE NNP 5
4§ : ¢ STARY TIME 10 START RAMP FRUM 0,0 70 1,0 RMP 6
. ¢ Rise THE LENGTH OF THE RISE FRUM 0,0 7O 1,0 RMP ?
4 ¢ PWR [
la Hed,0 RMP 9
k JIF(T,LT.START)GO TO 99 RMP 10
) IF(RISE.EQ,0.0)G0 YO 80 RMp 11
. 10PuT=START RMP )@
it Hel,0 MR )3 :
l IF(TOP,LT,RISE)HeTOP/RISE RMP  Jé
i 00 10 99 Wmp 18 1
5 00 Hsl, RMP 16 Do
1 1F (T,EQ«START) Hu0,8 AMP 17 3
RE | 99 RMPuN RMP 18 E
Ja RETURN RMP 19
CEY END RMp 20 3
"' 4
| -
g o
l i .
" : ,i
4
-
. 3
: i
‘ i
:
i
: i
' [
o
o
.
A
' I
c
X ) d
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i
4
I i
{ LISTING OF COMPUTER PROGRAM FOR CALCOMP PLOTS :
PROGRAM PLTHSP (INPUT OUTPUT  TAPES2INPUT + TAPESSUUTPUT s TAPET+TAPES) MAIN 2 B
x i ITARE = 7 MAIN 3 3
+ CALL CALPLT(ITARE) MAIN 4 N
? STOP MAIN S :
S END MAIN & i
i SUBROUTINE CALPLY (ITAPE) CALP 2 g
¥ UIMENSIUN TIME (6003) 4PITCH16003) sMEAVE (0003) CaLP 2 !
| . +1BUF (1000) +BWACL (4093) 1 COACL (600D) CALP & :
LOGICAL ACCEL CALP S i
¢ CALP & B
) ¢ CAL CuMP PLOT OF PITCH AND MEAVE VEQSUS TIME CALP 7 i
= ¢ CALP 8 1
¥ IREAD = S CILP 9 ;
v READ(IREAD10) XAXISoYAXISP,YAXISH¢HT CALP 10 :
i L 10 FORMAT (8F10,0) CALP 1)
[ { ACCEL = ,FALSE, CALP 12
s READ (IREAD.20} 1A CALP 13
¥ 29 FORMAT (1109 CALP 16
. { IP (1A EU,1) ACCEL = ,TRUE, CALP 1S
J IF (ACCEL) oEAU [IREAD410) YAx1SH,vAN1SC CALP 16
; CALL REAUT (TIME «HEAVE +PITCHoHWACL +LOACL oNPTY) CALP 17
i - CALL PLUTS(IBUF.1000+T7) CALP 18
| CALL PLUT(0,801,%0=3) CALP 19
P CALL ESCALE (TIME,XAXISINPTS, 1) CALP 20
b CALL ESCALE (HFAVE  YAXISHINPTS 1) CALP 21
ﬁ : CALL BSCALE (PITCHyYAXISPINPTS]) CALP 22
P ‘ IF (ACCEL) CALL ESCALE (BWACL YAXISHINPTS,]) CALP 23
! IF (ACCEL) CALL ESCALE(COACL,YAXISCINFTS,]) CALP 26 :
B . Nl & NPTSs1 CALP 2% ;
P g N2 ® NPTSe2 CALP 28 :
K : N3 s NPTSe) CALP 27 '
- S CALL EAXIS(0,0,0,0,18HTIME IN SECUNDS =15,XAX]S$40,0, CALP 28
i : TIMEINL) o TIME(N2) o TIME (ND) oHT) CALP 29 Lo
i CALL EAAIS(0401040sLIMHEAVE IN FELT9130YAXISHIVO,0s CALF 230 -
. . Hznvztul)oncavthz)outAv:(NJ)-Ht) CaLP ) . -
o ) TEMP = TIME (N2) CALP 32 o
e C TIME (N2) = TIME(N2)/TIME(ND) CALP ) _
L) HEAVE (N2) = MEAVE (N2) /REAVE (N]) CALP 34 ;
E CALL LINE(TIME +nEAVE I NPTSs14010) CALP 23S 3
TIME(NZ) = TEMP CALP 36
ANEW = XAXT[S+], CALP N7 ‘
4 YNEW = 1,0 CALP 38 1
- CALL PLUT (XNEw,0,04-)) CALP 38
: CALL EARIS(0,040,0(1SHTIME IN SECUNUS,=15,XAKI§40,04 CALP 40 :
, . tluz«Nn).rlnt(nz).txM:(NJ).nT» CALP 4l !
CALL EAXIS(0,940,0413HPITCH IN RAUL DI YAXISP ¢90,0, CALP @2 |
. PlTCHml).PlrcH(Nz).PHCMNJ)MH CALP ) i
VIME(N2) ®» TIME(N2)/TIME(ND) CALP 4 ,
PITCHINZ) = PLITCH(N2) /PITCHINI) CALP 45 :
CALL LINE(TIME ¢PITCAyNPTSs14010) CALP 46 :
IF (JNUTL.ACCEL) 00 10 30 CALP 47
TIME (N2) = TEMP CALP 48
CALL PLUT(XNEW.0404=)) CALP 49 :
CALL EAXIS(0.00040+1SHTIME IN SLLUNDSy=ISsxAX]Ss0.s0¢TIME(NL)y  CALP S0 {
o TIME(N2) o TIME (NI) IRT) CALP &) .
' CALL EAXTS{9,040,0,16MAUW ACCELERATIUN'I6YAKISBo90,0,HWACL (NL) JCALP §2 s
. BWACL (N2) +BWACL (NJ) 9nT) CALP %3 {
TIME (N2) = TIME(N2)/TIME(ND) CALP S« ;
. dWACL IN2) = GwACL (N2) /BwACL IND) CALP 55
|
E
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CALL LINE(TIME+OWACLONPTS,10040)

TIME (N2) = TEMP
CALL PLUT(XNEw,0,0,4<))

CALL EAXIS(0.0+0.001SHTIME IN SECUNDS =18 ¢ XAXIS+0,04TIME(NL) o

"TIME (N2) o TIME (N3) onT)

CALL EAXTS(0,0,0,0,18MCl ACCELERATIUNGIS,YARISC190,0,COACL(NL)

. COACL (N2) +COACL IN3) oHT)
TIME(N2) w TIME(N2)/TIME(NI)
CGACLIN2) ® COACL (N2) 7COACL (NI)
CALL LINE(TIME,COACL'NPTS,1:0,0)
30 CONTINUE
CALL PLUT(10,0+0.0,999)
RETURN
END
SUBROUTINE REAOT (TIMEHEAVE (PITCHIBWACL yCOACL ,NPTS)
OIMENSIUN X(6) oMEAVE (1) 4PITCHI(D)
ol 0 sTIME (1) s AWACL (1) 9COACL (1)
[ ]
S  CONTINUE
1 = e}
READ(9) TIMECI) o (X (1) o10046) JBWACL (1) ,CGASL(])
IF(EOF(9))10+18
15 CONTINUE
WRITE(6920) TIME(I) o (X(J) sJmbs®) 1BWACL LI) oCOACL L]
20 FORMAT (1M «6(F7,2+2X))
HEAVE (1) = Xx(9)
PITCH(I) = X (&)
IF(1.0E.4000) GO TO 10
00 T0 8
10 CONTINUE
NPTS = =)
RETURN

END

SUBROUTINE EAXIS(XPAGE , YPAGE s 16CD s NCHARJAXLEN¢ANOLE oFIRSTV s
'l DELTAVIDELTAUIMT)

OIMENSION 1BCO(])

THIS RUITINE WORKS LIKE THE CALCUMP AX1S wITH THE
EXCEPTION ThAT THE TICK MARKS ARE NUT NECCESSARILY
EVERY INCH AND THE REIGHY UF TnE CHARACTERS 1S INPUTTEL

CALL PLUT (XPAGE ¢ YPAGE,3)
1SN & ISION(14NCHAR)
ISON = SIGN{1,,DELTAV)
AMIN ®» FIRSTY
X a APAGE
Y a YPAGE
ANUM & FIRSTV=DELTAV
N = AALEN/DELTAU
IF INSOFLTAUGLT JAXLEN) NaNel
AMAX m AMINe (NODELTAV)
NDIG = NDIGIV(AMINGAMAX ,DELTAUSND)
10 CONTINUE
TEST & (NDIOOMT) o HT
IF (TEST,OV,LELTAU) HTeHT/2,
IF(TESY AT, UELTAU) GO TV 10
AYN = (1,8%NT)
BYN & (((NDIO=2)®HT)/240,50nT)

aOO000
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CALP
CALP
CALP
CALP
CALP
CALP
CALP
CALP
CALP
CALP
CaLP
CALP
CALP
CALP
CALP
READ
READ
READ
READ
READ
READ
READ
READ
READ
KREAD
READ
READ
READ
READ
READ
READ
READ
READ
READ
taxls
Eaxls
EAXIS
EAX]IS
EAXIS
EAXIS
Eaxls
Eaxls
Eaxls
Eaxls
EAaxls
EAXIS
EAXIS
€axls
EAX]S
tAXIS
Eaxls
EAXIS
EAK]S
EAXIS
tAX]S
tAXlsS
Eaxls
Eaxls
tAX!S
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BEST AVAILABLE copy

N = Nel Eaxls 27

TANG = (30,+ANGLE) /57,2958 Eax]s 28

; ANG = ANGLE/ST,2958 taxls 29

i £3) s SIN(TANG) Eaxis 30

: CT & COS(TANG) Eaxls 31

3 B SIN(ANG) EAX]S 32

¢ 3 COS(ANG) EAXlS 33

00 10 IsleN EAxls 34

IF(1,£Q.1) LU TO 20 EAx]s 38

A s XeDULTAUSC Eaxls 3¢

Y u YeDELTAUSS caxls 37

CALL PLUT(XeV42) Eax]S 38

IF(1,EQ.N) GU %0 20 EAXIS 39

XT & Re(,19CT*ISN) EAXIS 40

YT = Ye(,1oST8I8N) Eaxls o)

Fo CALL PLUT (AT 47T42) EAxls &2
B 20 AN B XoAYNRCT®ISNeAYNSC EAXIS 4) '
: YN ® YeArYNCGTOISNBYNSS EAXIS 44 N
: XANUM = XNUMeDELTAY EAXIS &8 4
: CALL NUMBER XN+ YNyHT ¢ KNUMyANGLE ¢NU) EAX]S 48 o
_ ‘ CALL PLUT(XsYyI) CaxlS &7 1
1 20 CONTINUE EAK]S 48 :
P X§P = (( (AXLEN/HT) 72,)=(1ABS (NCHAR) /72,) ) 94T EAXIS 9% 4
o : YSP » 3,SeMT Eaxis %0 A
1 :, AT & XPAGE » XSPOC o [SNOYSPRCT EaxIS S) k
g : YT & YPAQE o KSPOS o [SNOYSPIST Eaxis s2 3
b, : CALL SYMBOL (XToYTyHIyIBCOANGLE ¢ 1AdS (NCHARY) EAxIs €3 , B
Wy RETURN LAXIS 34 -
el END EAxls S8 i
o i FUNCTION NOTIOLT (AMINyAMAX ¢ ANUMyND) NDIG 2 R
AN : c NDIG ) : 3
&8 ¢ FINDS TmE NUMBER OF DIGITS NECCESSARY 10 PRINT NDIG & o
' ¢ EVEN INCREMENT OF THE FUNCTION UN THE AXIS NDIG 8 : i
0 ¢ NDIO o A
o ¢ NOLOIT  THE NUMAER OF PLACES IN THE ENTIRE NUMBER NDIO 7 :
JHEE o ND THE NUMBER OF DECIMAL PLACES NDIO B L
b c ANUM THE VALUE GIVEN TU EACPH INCREMENT ON THE AXIS NOIG 9 Ly
s IF(ARS (AMIN) ,LT,ABS (AMAX)) OG0 TO 20 ~DIG 1) o
; IF(AIS {AMIN) JEQ.ABS (AMAX) s ANDJAMARNELD) 00 TU 20 NDIO 12 s
LF (ABS (AMIN) ,GT,ABS (AMAX)) GO TO 10 NOIO 13 A
AMAX = 1, NOIC e 3
AMIN @ =Y, NOIO 1S b
' 60 10 20 NOTIG 16 I
! 10 AMAA 8 ABS (AMLN) NOIG 17 i

; 20 IF(AMAXLLE, )1,) GU T0 S0 NDIO 18

NOLV = 19 NDiG 19

I s ) NDIG 20

1 [F (AMAX/NDIV,LT,1s GO TO «0 NOIG 21

I a (e NDIG 22

NOIv = NDIVelO NDIG 23

Qv Tu 10 WO1Q 24

40  NDIOIT s [¢3 NDIG 25

ND 8 2 NOIQ 26

00 TO 80 NOIO 27

. S0 NDIV = 10 NDID 28

’ 1 s 1 NDIO 29

60  IF(AMAX®NDIV,OT,1.) GO TO 70 NDIG 30

I = 1ol NDIG 3]
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NDIV = NNIVS10 NDIG 32
: 60 10 &0 NDIG 33
i 70 NDIOIT = .2 NDIG 34
: ND o | NDIG 38
80 0D » FLUAT(ND) NOIO 36
X & ANUMS® (10%400) NDIG 37
Ix s & NOIG 38
IF(X=FLOAT(IX)}4LT4s0001) GO TU 90 NDIG 39
00 = 0D+l NOIO &0 |
NO s NDel NDIO &) :
NDIGIT » Nn1GITe1 NDIG 42 3
60 10 80 NDIG &) ;
90 CONTINUE NOIO &4 ;
RETURN NDIO oS 3
P END NDIO 4& :
£ SUBROUTINE ESCALE (ARRAY ,AXLENINPTS, INC) :SC:L ;
! ¢ SCAL 4
¢ FINDS THE SCALE 7O BE USED ON THE AXIS = ESCAL & _
¢ ARRAY MST HAS THREE UNUSEL POSITIONS €sCAL S o
¢ ARDAY(NPTSe]) ® FLRSTY ESCAL 6
o ARUAY (NPTS+2) ® DELTAV (THE INCREMENT DETWEEN TICK MARKS ESCAL 7 g
¢ VALUES = NUMHERS) £SCAL 8
¢ AROAY (NPTS+3) ®» DELTAV (THE INCREMENT IN INCHES ESCAL ©
c HETWEEN TICK MARKS ) ESCAL 10
¢ €3CAL 1)
: ESCAL 12
OIMENSIUN ARRAY (1) £3CAL 1)
AMIN = ARRAY (1) ESCAL 14
AMAK & AQRAY (1) ESCAL 18
ISON = ISIAN(14ING) ESCAL 148
INC = 1AgS(INC) ESCAL 17 ,
DU 10 1=l NPTSHINC ESCAL 18 ¥
IF (AORAY (1) JLYoAMIN) AMINWARRAY (1) ESCAL 19 .
1F (ACRAY (1) (0T AMAX) AMAXSARRAY (I} ESCAL 20 K
10 CONTINIE €SCAL 21 -4
,z 20 AUNIT & UNIT(AMINGAMAX¢AXLENsNyANUM) ESCAL 22
o CALL AUJUST (AMINyAMAXoAUNT T4 AXLEN 3Ny ANUM) ESCAL 2) ]
% ARRAY (NHTSel) » AMIN ESCAL 24 i
b ARRAY (NFTSe2) = ANUM®ISON €SCAL 29
o IF(ISON,FQ.=1)ARRAY(NPTSe]) = AMAX ESCAL 28 !
ARRAY (NFT843) = AUNIT ESCAL 27 1
17 (ABS (ANUM) JEQAUNIT) ARRAY(NPTSe2) = ] ,#[SON ESCAL 28 3
s IF (ARS (AJUM) (EQ.AUNLT) ARRAYINP(Sed) = |, £SCAL 29 i
b RE TURN ESCAL 20 X
! END £SCAL I ‘
SUHROUTINE ADJUST (AMINGAMAX JAUNTToAALENyNyANUM) JUST 2 ,
¢ JUST 3
c OIVEN AYIN AND AMAX whICH ARC UISTINCT VALUES, AOJUST JUST “ :
¢ THEM SU THAT THEY ARE EVEN MULTIPLES OF AUNIT JUST 8 i
' c ST 6 :
E: K =] JUST 7
\ MIN = AMIN/ANUM JUST 8
t IF (AMIN,LT MINGANUM) MIN = M[Ne] JUST 9 :
: AMIN = MENsANUM JUST 10 y
i MAX = AMAX/ANUM JUST 1) ‘
v IF (AMAX OT ,MAX®ANUM) MAN ®= MAXS) JUST (12 ,
v AMAX = MAX s ANUM JUST 1) !
! 10 TERM = AMINs (NeK) 9ANUM JUST e y
[ IF (TERM,LT,AMAX) 00 YO 20 JUST 18 :

v amm b B oass e
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' BEST AVAILABLE COPY

i K & Ke]

: 60 T0 10

20 AUNIT = AXLEN/ (NeKel)
N w AALEN/AUN]ITe)

RETURN
*END
FUNCTION UNIT(AMINGAMAXJAALENNyANUM)
c
¢ FINDS THE INCREMENT BETWEEN VALUES TU BE USED UN THE
c ARIS IN AS FAR A3 LABELING THE TICK MARKS
c FINDS THE NUMBER OF DIVISIONS TO BE MADE ON THE AXIS
c FINDS THE SIZE IN INCHES OF THESE DIVISIUNS
~
I1F (AMINJNE ,AMAX) GO YO 10
AMIN & AMIN=]
AMAX & AMAX+]
10 IF(AMAX LT, 1,AND,AMIN,GT,=1)00 TO 110
30 MIN = AMIN
MAX 8 AMAX
IF (AMAX AT MAK) MAXWMAX®])
IF (AMINJLT ,MIN) MINSsMIN=]
IF(MINLT.0) NwiD s MAXeIABS (MIN)
IF(MIN,GE,N) NwilD & MAXMIN
NUM = {0
4y IFINWID.LT.NUM) GO TO 60
NUM & NUW®LD
00 10 40
30 N = NWIDZ(NUNZLO)
IF(MINJLTeNeANDoMAN,0T,0) 0O TO 790
IF (N® (NUM/710) JLT NWID) NuNe)
’ ANUM & NUM/L0,
AUNIT » AXLEN/N
00 10 140
70 NN a TABS(MIN)/ (NUMZ10)
IF (NN® (NUM/10) (LT TARS(MIN)) NN = NNe)
N ® MAXZ (NIIM/)Q)
IF IN®(NUM/Z10) «LToMAX) N = Ne)
N = NeNN
ANUM = NUM/10,
AUNIT » AXLEN/N
b 00 Y0 160
. 11V NyM=1Q
B 120 1F (AMARONUM,OT,1) GO TO 130

NUM 3 NUM®1(Q
GO T0 120
130 UNITT = | ,/NuM
. 10 N1 = AMIN®NUM
- N2 = AMARONUM
IF (AMINONUM,LToN]) NisN]e]}
| IF (AMAXONUM,OT ,N2) N2sN2s)
' 1F (N1 NE(N2) B0 TO 190
AMIN = AMIN=UNITT
AMAX = AMAX«UNITTY
) GU 19 140
' 130 N s N2=N]
ANUM = UNITT
IF{AMINGLT 0 AND AMAXGLT,0) NeNl=N2
v IF (AMINGLY 40 0ANDAMAXOEU) NeNg=N]
AUNIT « AXLEN/N

Lot L
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JUST
JUST
JUST
JUSTY
JUSTY
JUST
UNIY
UNIT
UNITY
UNIT
UNIT
UNIT
UNIT
UNIT
UNITY
UNIT
UNITY
UNIT
UNLT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIY
UNIT
UNIY
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNIT
UNTT
UNIT
UNIT
UNIT
UNTT
UNIT
UNIY
UNlY
UNlY
UNTT
UNITY
UNITY
UNITY
uNlIlv
uNlt
UNIT
UNIT

16
17
18
19
20
21




160 IF(N.GT.5) GO TO 170 UNIT 55
. N & N®2 UNIT 86
: ANUM ® ANUM/2. UNIT 87

AUNIT = AUNIT/Z, ‘ UNIT S8
80 10 160 UNIT 89

170 UNIT = AUNIY UNIT 60
RETURN UNIT 61
END UNIT 62
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- INITIAL DISTRIBUTION
Coples Copies E
1 WES 2 NAVSHIPYD MARE
1 CHONR/438 Cooper 1 Liorary 1
2 NRL 1 Code 260 3
1 Code 2027 1 NAVSHIPYD BREM/Lib
1 Code 2829 1 NAVSHIPYD PEARL/Code 202.32 3
1 ONR/Boston 8 NAVSEC ;
1 ONR/Chicago 1 SEC 60348 E
1 SEC 6110 1
1 ONR/Pasadena 1 SEC 6114H ]
1 NORDA 1 SEC 6120 :
' 4 USNA 1 SEC 6136
1 Tech Lib 1 SEC 61408
1 Nav Sys Eng Dept 1 SEC 6144G
1 8. Joh.uon° \ SEC @148
1 Bhattacheryys 1 NAVSEC, NORVA/6660.03 Blount ;
3 NAVPGSCOL 12 poC 3
: #‘bs':'vk 1 AFOSR/NAM
. ‘pPRAYS 3
14 Mi;:f Y 1 AFFOL/FYS, J, Olsen f
3 NOSC 1 LC/Sci and Tech
’ 1 Library 1 LOT/Lib TAD-401.1 k
: :"":" 1 MMA, Library :
- oY 1 U. of BRIDGEPORT/E. Uram 1
1 NCSL/712 D. Humphruys .
4 U. of CAL/Dept Naval Arch, Berkelay _
1 NCEL/Code L31 1 Library ,
1 NSWC, Dahigren 1 Wabiter i
1 NUSC/Lib 1 Paulling :
7 NAVSEA 1 Wahausen ;
1 SEA 0322 2 U. of CAL, San Diego “
1 SEA 033 1 AT. Ellis }
1 SEA 03512/Pierce 1 Scripps lns Lib l
E 1 SEA 037 3 aT |
3 SEA 09G32 1 Aero Lib ]
: 1 NAVFAC/Code 032C 1 TY. Wy ;
1 1 A. Acosta |
: 1 NAVSHIFYD PTSMH/Lib i
R , 1 CATHOLIC U. of AMER/CIVIL )
1 NAVSHl YD PH'LA/LIb MECH ENG 3
! Navst. Y@ NORVA/LIS 1 COLORADO STATE U./EiG RES CEN !
. ! NAVSHIPYD CHASN/Lib ( U. of CONNECTICUT/Scottron j
1 NAVSHIPYD LBEACH/LIb \ CORNELL U./Sears :
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Coples

QI = b b -

FLORIDA ATLANTIC U.

1 Tech Lib

1 8. Dunne
HARVARD U,

1t G. Carrier

1 Gordon McKay Lib
U. of HAWAII/Bretschneidar
U. of ILLINOI./J. Robertson
U. of IOWA

1 Library

1 Landweber

1 Kennedy
JOHN HOPKINS U./Phillips
KANSAS STATE U./Nesmith
U. of KANSAS/Civil Eng Lib
LEHIGH U./Fritz Eng Lab Lib
MIT

1 Library
Leehey
Mandel
Abkowitz
Newman
U, of MIN/ST. ANTHONY FALLS

1 Silberman

1 Schisbe

1 Watzel

1 Song
U. of MICH/NAME

1 Library

1 Ogitivie

1 Hammitt
U. of NOTHE DAME

1 Eng Lib

1 Strandhagen
PENN STATE,ARL/B. Parkin
PRINCETON U./Msllor

SIY

— o -

Library

Breslin

Savitsky

P.W. Brown
Fridsma

U. of TEXAS/ARL Lib

UTAH STATE U./Jeppson

- b b b -

Copies

O = =t b b b e ab s

SOUTHWEST RES INST
1 Applied Mech Rev
1 Abramson

STANFORD U.
1 Eng Lib
1 R. Street

STANFORD RES INST/Lib
). of WASHINGTON/ARL Tach Lib

WEBB INST
1 Library
1 Lewis
1 Ward

WOODS HOLE/Ocean Eng
WORCHESTER PI/Tech Lib
SNAME/Tech Lib

BETHLEHEM STEEL/Sparrows Point
BETHLEHEM STEEL/New York/Lib
BOLT, BERANEK and NEWMAN/Lib
GENERAL DYNAMICS, EB/Bostwright
GIBBS and COX/Tech Info

HYDRONAUTICS
Library

E. Miller

A, Goodman
V, Johnson
1 C.C. Hsu

LOCKHEED, Sunnyvale/Waid

McDONNELL DOUGLAS, Long Beach
1 J. Hess
1 T. Cebeci

NEWPORT NEWS SHIPBUILDING/Lih
NIELSEN ENG and RES
OCEANICS

ROCKWELL INTERNATIONAL/S.
Ujihara

SPERRY RAND/Tech Lib

SUN SHIPBUILDING/Chisf Naval Aich
ROBERT TAGGART
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CENTER DISTRIBUTION
Copies Code Name

1 1800 W.E. Cummins
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OTNERDC I1SSVES THRtE TYPES OF REFORTS
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. DYNSRDC REPORTS, A FORMAL SERIZS, CONTAIN INFORMATION OF PERMANENT TECH.
NICAL VALUE. THEY CARRY A CONSECUIIVE NUMERICAL INENTIFICATION REGAROLESS OF
THEIR CLABSIFICATION OR THE ORIGINATING DEPARTMENT.
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